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1
AMPHIPHILIC COMPOUND ASSISTED
NANOPARTICLES FOR TARGETED
DELIVERY

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 60/910,097, filed Apr. 4, 2007, titled “Amphiphilic
compound assisted polymeric particles for targeted delivery;”
U.S. Provisional Application No. 60/985,104, filed Nov. 2,
2007, titled “Lipid-Stabilized Polymeric Nanoparticles for
Targeted Drug Delivery;” U.S. Provisional Application No.
60/938,590, filed May 17, 2007, titled “Poly(Amino Acid)-
Targeted Drug Delivery;” U.S. Provisional Application No.
60/986,202, filed Nov. 7, 2007, titled “Poly(Amino Acid)-
Targeted Drug Delivery;” and U.S. Provisional Application
No. 60/990,250, filed Nov. 26, 2007, titled “Poly(Amino
Acid)-Targeted Drug Delivery;” all of which are incorporated
herein by reference in their entirety. Additionally, the con-
tents of any patents, patent applications, and references cited
throughout this specification are hereby incorporated by ref-
erence in their entireties.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
grant numbers EB003647 and U54CA119349 awarded by the
National Institutes of Health. The government has certain
rights in this invention.

FIELD OF INVENTION

The present invention generally relates to controlled-re-
lease systems comprising target-specific stealth nanoparticles
useful in the treatment of diseases.

BACKGROUND

The delivery of a drug to a patient with controlled-release
of'the active ingredient has been an active area of research for
decades and has been fueled by the many recent develop-
ments in polymer science. In addition, controlled release
polymer systems can be designed to provide a drug level in
the optimum range over a longer period of time than other
drug delivery methods, thus increasing the efficacy of the
drug and minimizing problems with patient compliance.

Biodegradable particles have been developed as sustained
release vehicles used in the administration of small molecule
drugs, as well as protein and peptide drugs and nucleic acids.
The drugs are typically encapsulated in a polymer matrix
which is biodegradable and biocompatible. As the polymer is
degraded and/or as the drug diffuses out of the polymer, the
drug is released into the body. Typically, polymers used in
preparing these particles are polyesters such as poly(lactide-
co-glycolide) (PLGA), polyglycolic acid, poly-beta-hy-
droxybutyrate, polyacrylic acid ester, etc. These particles can
also protect the drug from degradation by the body. Further-
more, these particles can be administered using a wide variety
of administration routes.

Targeting controlled release polymer systems (e.g., tar-
geted to a particular tissue or cell type or targeted to a specific
diseased tissue but not normal tissue) is desirable because it
reduces the amount of a drug present in tissues of the body
that are not targeted. This is particularly important when
treating a condition such as cancer, where it is desirable that
a cytotoxic dose of the drug is delivered to cancer cells with-
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out killing the surrounding non-cancerous tissue. Effective
drug targeting should reduce the undesirable and sometimes
life threatening side effects common in anticancer therapy.

While many controlled release particle systems can
accommodate significant quantities of drug, it can be difficult
to encapsulate sufficient amounts of drug in nanoparticles.
Identification of targeted nanoparticles that can encapsulate
sufficient drug while still retaining therapeutic, targeting and
stealth properties is desired.

SUMMARY OF THE INVENTION

There remains a need for compositions useful in the treat-
ment, prevention or amelioration of one or more symptoms of
diseases, such as cancer and vulnerable plaque, including
cancers that express prostate specific membrane antigen
(PSMA). Thus, in one aspect, the invention provides a con-
trolled-release system, comprising a plurality of target-spe-
cific stealth nanoparticles; wherein the nanoparticles com-
prise a polymeric matrix, an amphipilic layer within or
outside of the polymeric matrix, targeting moieties covalently
attached to the outer surface of the nanoparticle; and a thera-
peutic agent. Cancers that can be treated by the nanoparticles
of the invention include, but are not limited to, prostate can-
cer, breast cancer, non-small cell lung cancer, colorectal car-
cinoma, and glioblastoma, as well as solid tumors expressing
PSMA in the tumor neovasculature. Atherosclerotic plaques,
restenosis, and atherosclerosis can also be treated by the
nanoparticles of the invention.

In one embodiment, the ratio of the amphipilic component
of the amphipilic layer to the polymeric matrix of the nano-
particle is tailored for the effective treatment of diseases in a
subject in need thereof. In another embodiment, the ratio of
the amphipilic component of the amphipilic layer to the poly-
meric matrix is tailored to give a nanoparticle of a desired
size. In a particular embodiment, the ratio of the amphipilic
component of the amphipilic layer to the polymeric matrix is
about 0.05 to about 0.50. In another embodiment, the ratio of
the amphipilic component of the amphipilic layer to the poly-
meric matrix is about 0.12 to about 0.34. The nanoparticle can
be nonimmunogenic.

In one embodiment, the nanoparticles are about 40 nm to
about 500 nm in size. In another embodiment, the nanopar-
ticles are about 40 nm to about 80 nm in size. In still another
embodiment, the nanoparticles are about 40 nm to about 60
nm in size. In another embodiment, the nanoparticle is
between 40 and 100 nm in diameter, and the targeting moiety
is less than 10 nm in length, or the nanoparticle is between 40
and 80 nm in diameter, and the targeting moiety is less than 10
nm in length. In another embodiment, the nanoparticles have
a surface zeta potential ranging from -80 mV to =30 mV.

In one embodiment, the amphipilic layer of the nanopar-
ticle of the invention is a monolayer. The amphipilic layer can
be comprised of naturally derived lipids, surfactants, or syn-
thesized compounds with both hydrophilic and hydrophobic
moieties. The amphipilic layer can comprise lecithin. The
amphiphilic layer can be any thickness, such as about 1 nm to
about 5 nm, or about 2.5 nm.

The nanoparticle of the invention has a polymeric matrix
that can comprise two or more polymers. The polymeric
matrix can comprise polyethylenes, polycarbonates, polyan-
hydrides, polyhydroxyacids, polypropylfumerates, polyca-
prolactones, polyamides, polyacetals, polyethers, polyesters,
poly(orthoesters), polycyanoacrylates, polyvinyl alcohols,
polyurethanes, polyphosphazenes, polyacrylates, poly-
methacrylates, polycyanoacrylates, polyureas, polystyrenes,
or polyamines, or combinations thereof. In one embodiment
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of the matrix, at least one polymer is a polyalkylene glycol,
such as polyethylene glycol. In another embodiment of the
matrix, at least one polymer is a polyester, such as PLGA. In
another embodiment, the polymeric matrix comprises a
copolymer of two or more polymers, such as a copolymer of
a polyalkylene glycol and a polyester, e.g., a copolymer of
PLGA and PEG.

In another embodiment, the polymeric matrix comprises a
lipid-terminated polyalkylene glycol and a polyester, such as
lipid-terminated PEG, and PLGA. As described below, the
lipid can be of the Formula I, and can be 1,2 distearoyl-sn-
glycero-3-phosphoethanolamine (DSPE), and salts thereof.
The lipid of the lipid-terminated PEG can self-assemble with
PLGA.

In another embodiment, the nanoparticle comprises a
copolymer of PEG and PLGA, wherein an amphiphilic com-
pound is disposed between the PEG and PLGA.

The nanoparticle can have any variety of targeting moi-
eties, such as nucleic acid aptamers, growth factors, hor-
mones, cytokines, interleukins, antibodies, integrins,
fibronectin receptors, p-glycoprotein receptors, peptides and
cell binding sequences. In one embodiment, the targeting
moiety is a peptide, and wherein the peptide is less than 8
amino acids in length. In another embodiment, the targeting
moiety is AKERC (SEQIDNO: 1), CREKA (SEQIDNO: 2),
ARYLQKIN (SEQIDNO: 3) or AXYLZZLN (SEQIDNO:
4), wherein X and 7 are variable amino acids. In still another
embodiment, the targeting moiety is the A 10 RNA aptamer.
In one embodiment, the polymer matrix of the nanopartiele is
covalently bound to the targeting moiety via a maleimide
functional group at the free terminus of PEG.

The pharmaceutical composition of the invention is suit-
able for target-specific treatment of a disease or disorder and
delivery of a therapeutic agent. The therapeutic agent can be
associated with the surface of, encapsulated within, sur-
rounded by, or dispersed throughout the nanoparticle. In a
particular embodiment, the therapeutic agent is encapsulated
within the hydrophobic core of the nanoparticle. The thera-
peutic agent can be a biomolecule, bioactive agent, small
molecule, drug, protein, vaccine, or polynucleotide. In a par-
ticular embodiment, the therapeutic agent is selected from the
group consisting of mitoxantrone and docetaxel.

In another embodiment, the therapeutic agent is selected
from the group consisting of VEGF, fibroblast growth factors,
monocyte chemoatractant protein 1(MCP-1), transforming
growth factor alpha (TGF-alpha), transforming growth factor
beta (TGF-beta), DEL-1, insulin like growth factors (IGF),
placental growth factor (PLGF), hepatocyte growth factor
(HGF), prostaglandin E1(PG-E1), prostaglandin E2(PG-E2),
tumor necrosis factor alpha (TNF alpha), granulocyte stimu-
lating growth factor (G-CSF), granulocyte m acrophage
colony-stimulating growth factor (GM-CSF), angiogenin,
follistatin, and proliferin, PR39, PR11, nicotine, hydroxy-
methylglutaryl coenzyme A (HMG CoA) reductase inhibi-
tors, statins, niacin, bile acid resins, fibrates, antioxidants,
extracellular matrix synthesis promoters, inhibitors of plaque
inflammation and extracellular degradation, and estradiol.

The invention also provides a method of treating prostate
cancer in a subject in need thereof, comprising administering
to the subject an effective amount of the pharmaceutical com-
position of the invention, such as when the targeting moiety of
the nanoparticle of the invention is A10 RNA aptamer. The
invention also provides a method of treating atherosclerotic
plaques, restenosis, or atherosclerosis in a subject in need
thereof, comprising administering to the subject an effective
amount of the pharmaceutical composition of the invention.
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For disease treatment, the controlled-release system can
administered systemically, such as via intravenous adminis-
tration.

Inanother embodiment, the invention provides a method of
preparing a nanoparticle comprising a polymeric matrix and
an amphipilic layer associated with the polymeric matrix,
comprising: conjugating a first polymer to a targeting moiety
to form a first conjugate; adding the first conjugate and an
amphiphilic component to a water miscible solvent to form a
first solution; combining a second polymer with a therapeutic
agent in a partially water miscible organic solvent to form a
second solution; and combining the first and second solution
such that the nanoparticle is formed. The water miscible
solvent can be acetone, ethanol, methanol, or isopropyl alco-
hol. The partial water miscible organic solvent can be aceto-
nitrile, tetrahydrouran, ethyl acetate, isopropyl alcohol, iso-
propyl acetate or dimethylformamide. In one embodiment of
the method, the first polymer is PEG, the targeting moiety is
an aptamer, the amphiphilic component is lecithin, and the
second polymer is PLGA. The first polymer can be conju-
gated to DSPE, or salts thereof.

The invention also provides a nanoparticle, comprising a
copolymer of PLGA and PEG, a targeting moiety, and a
therapeutic agent, wherein lecithin is disposed between the
PLGA and PEG. In another aspect, the invention provides a
nanoparticle, comprising a polymeric matrix comprising a
complex of a phospholipid bound-PEG and PL.GA; a target-
ing moiety, and a therapeutic agent, wherein lecithin is dis-
posed between the PLLGA and PEG. The targeting moieties of
these nanoparticles can be an A10 RNA aptamer or CREKA.
The therapeutic agent for these nanoparticles can be doc-
etaxel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic illustration of an amphiphilic
layer-protected polymeric nanoparticle for targeted drug
delivery.

FIG. 2 shows a schematic illustration of an example of a
synthesis procedure of an amphiphilic layer-protected poly-
meric nanoparticle of the invention.

FIGS. 3A and 3B demonstrate size and zeta-potential sta-
bilities of the amphiphilic layer-protected polymeric nano-
particles of the invention, respectively.

FIG. 4 demonstrates the size stability of the amphiphilic
layer-protected polymeric nanoparticles of the invention after
lypholization.

FIG. 5 demonstrates the high drug encapsulation efficiency
of'the amphiphilic layer-protected polymeric nanoparticles of
the invention.

FIG. 6 demonstrates the improved drug release profile of
the amphiphilic layer-protected polymeric nanoparticles of
the invention.

FIG. 7 shows an electron microscope image of the
amphiphilic layer-protected polymeric nanoparticles of the
invention.

FIG. 8 demonstrates the effect of the use of various organic
solvents on size and surface zeta potential in the preparation
of'the amphiphilic layer-protected polymeric nanoparticles of
the invention.

FIG. 9 demonstrates the effect of polymer concentration on
size and surface zeta potential on the amphiphilic layer-pro-
tected polymeric nanoparticles of the invention.

FIG. 10 demonstrates the effects of the ratio of organic
solvent to water on the size of the amphiphilic layer-protected
polymeric nanoparticles of the invention.
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FIG. 11 demonstrates the effects of the ratio of lipid to
polymer weight ratio on the therapeutic agent release rate of
the amphiphilic layer-protected polymeric nanoparticles of
the invention.

FIG. 12 demonstrates the effects of the ratio of lipid to
polymer weight ratio on size and surface zeta potential on the
amphiphilic layer-protected polymeric nanoparticles of the
invention.

FIGS. 13A and 13B demonstrate the cellular uptake of the
amphiphilic layer-protected polymeric nanoparticles of the
invention.

FIGS. 14 A and 14B demonstrates a lecithin purity effect on
PLGA-Lipid-PEG nanoparticle size and zeta potential.

FIGS.15A and 15B demonstrate a PLGA polymer concen-
tration effect on nanoparticle size and zeta potential, respec-
tively.

FIG. 16 demonstrates the stability of PLGA-Lipid-PEG,
PLGA-PEG and PLGA nanoparticles in 10% BSA solution,
respectively.

FIG. 17 demonstrates the stability of PLGA-Lipid-PEG,
PLGA-PEG and PL.GA nanoparticles in 10% plasma solution
with heparin, respectively.

FIG. 18 demonstrates the in vivo circulation profile of
PLGA-Lipid-PEG NP and PLGA-PEG NP. The circulation
half-life of the particles is about 20 hr and 3 hr respectively.

DETAILED DESCRIPTION OF THE INVENTION

The present invention generally relates to amphipilic layer-
protected nanoparticles, wherein the nanoparticles comprise
a controlled-release system for the targeted delivery of a
therapeutic agent. Thus, described herein are target-specific
stealth nanoparticles with an amphiphilic layer that can
reduce water penetration into the nanoparticle, thereby
enhancing drug encapsulation efficiency and slowing drug
release. Further, these amphipilic layer protected nanopar-
ticles can provide therapeutic advantages by releasing the
encapsulated drug and polymer at appropriate times.
Target-Specific Stealth Nanoparticles Comprising an
Amphiphilic Compound

The amphipilic layer-protected nanoparticles of the inven-
tion have the following main components: 1) a polymeric
matrix, which comprises a stealth polymer; 2) an amphiphilic
compound or layer that surrounds or is dispersed within the
polymeric matrix forming a continuous or discontinuous
shell for the particle; and 3) a covalently attached targeting
molecule that can bind to a unique molecular signature on
cells, tissues, or organs of the body. In a particular embodi-
ment, the polymeric matrix is comprised of a stealth polymer
that can allow the particles to evade recognition by immune
system components and increase particle circulation half life
(e.g., PEG, as well as the other polymers described below),
and a biodegradable polymeric material that forms the core of
the particle (e.g., PLGA, as well as the other polymers
described below), which can carry therapeutic agents and
release them at a sustained rate after administration (e.g.,
cutaneous, subcutaneous, mucosal, intramuscular, ocular,
systemic, oral or pulmonary administration).

In one embodiment, these particles would be useful in drug
delivery for therapeutic applications. In an alternative
embodiment, these particles would be useful for molecular
imaging, for diagnostic applications, or for a combination
thereof.

Asused herein, the term “amphiphilic” refers to a property
where a molecule has both a polar portion and a non-polar
portion. Often, an amphiphilic compound has a polar head
attached to a long hydrophobic tail. In some embodiments,

35

40

45

6

the polar portion is soluble in water, while the non-polar
portion is insoluble in water. In addition, the polar portion
may have either a formal positive charge, or a formal negative
charge. Alternatively, the polar portion may have both a for-
mal positive and a negative charge, and be a zwitterion or
inner salt. For purposes of the invention, the amphiphilic
compound can be, butis not limited to, one or a plurality of the
following: naturally derived lipids, surfactants, or synthe-
sized compounds with both hydrophilic and hydrophobic
moieties.

Specific examples of amphiphilic compounds include, but
are not limited to, phospholipids, such as 1,2 distearoyl-sn-
glycero-3-phosphoethanolamine (DSPE), dipalmitoylphos-
phatidylcholine (DPPC), distearoylphosphatidylcholine
(DSPC), diarachidoylphosphatidylcholine (DAPC), dibe-
henoylphosphatidylcholine (DBPC), ditricosanoylphos-
phatidylcholine (DTPC), and dilignoceroylphatidylcholine
(DLPC), incorporated at a ratio of between 0.01-60 (weight
lipid/w polymer), most preferably between 0.1-30 (weight
lipid/w polymer). Phospholipids which may be used include,
but are not limited to, phosphatidic acids, phosphatidyl cho-
lines with both saturated and unsaturated lipids, phosphatidyl
ethanolamines, phosphatidylglycerols, phosphatidylserines,
phosphatidylinositols, lysophosphatidyl derivatives, cardio-
lipin, and B-acyl-y-alkyl phospholipids. Examples of phos-
pholipids include, but are not limited to, phosphatidylcho-
lines such as dioleoylphosphatidylcholine,
dimyristoylphosphatidylcholine, dipentadecanoylphosphati-
dylcholine dilauroylphosphatidylcholine, dipalmitoylphos-
phatidylcholine (DPPC), distearoylphosphatidylcholine
(DSPC), diarachidoylphosphatidylcholine (DAPC), dibe-
henoylphosphatidylcho-line (DBPC), ditricosanoylphos-
phatidylcholine  (DTPC), dilignoceroylphatidylcholine
(DLPC); and phosphatidylethanolamines such as dio-
leoylphosphatidylethanolamine or 1-hexadecyl-2-palmi-
toylglycerophos-phoethanolamine. Synthetic phospholipids
with asymmetric acyl chains (e.g., with one acyl chain of 6
carbons and another acyl chain of 12 carbons) may also be
used.

The amphiphilic lipid can have a molecular weight of 200
to 1000, e.g., 700-900. An advantage of the nanoparticles of
the present invention is that they require a relatively low
amount of lipid to be effective. For example, as shown in
Example 8, a nanoparticle of approximately 90 nm of poly-
mer (e.g., PEG and PLGA) comprises only about 12 to about
15% lipid. By containing a relatively small amount of lipid,
the nanoparticles of the invention avoid the negative impact
that a tri, tetra or higher layer of lipid could have on a nano-
particle, such as an adverse effect on drug release. Thus, in
one embodiment, the nanoparticles of the invention comprise
approximately 10% to 40% lipid (by weight), and will have a
size of about 90 nm to about 40 nm in diameter.

In a particular embodiment, an amphiphilic component
that can be used to form an amphiphilic layer is lecithin, and,
in particular, phosphatidylcholine. Lecithin is an amphiphilic
lipid and, as such, forms a phospholipid bilayer having the
hydrophilic (polar) heads facing their surroundings, which
are oftentimes aqueous, and the hydrophobic tails facing each
other. Lecithin has an advantage of being a natural lipid that is
available from, e.g., soybean, and already has FDA approval
for use in other delivery devices.

The amphiphilic component of the nanoparticle of the
invention can comprise a combination of lipids, which has
some advantages over a single lipid.

Inone embodiment, the invention comprises a nanoparticle
comprising 1) a polymeric matrix, which comprises a stealth
polymer; 2) an amphiphilic compound or layer that surrounds
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or is dispersed within the polymeric matrix forming a con-
tinuous or discontinuous shell for the particle; and 3) a
covalently attached targeting molecule. In one embodiment,
the invention comprises a nanoparticle comprising 1) a poly-
meric matrix, which comprises a stealth polymer; 2) an
amphiphilic compound or layer that surrounds or is dispersed
within the polymeric matrix forming a continuous or discon-
tinuous shell for the particle; and 3) a covalently attached
targeting molecule, wherein the nanoparticle diameter is
between 40-80 nm and wherein the ratio of amphiphilic com-
pound to polymer is between 14:1 and 34:1, by weight. In
another embodiment, the invention comprises a nanoparticle
comprising 1) a polymeric matrix, which comprises a stealth
polymer; 2) lecithin; and 3) a covalently attached targeting
molecule. In another embodiment, the invention comprises a
nanoparticle comprising 1) a polymeric matrix, which com-
prises a stealth polymer; 2) lecithin; and 3) a covalently
attached targeting molecule, wherein the nanoparticle diam-
eter is between 40-80 nm and wherein the ratio of lecithin to
polymer is between 14:1 and 34:1 by weight. In another
embodiment, the invention comprises a nanoparticle com-
prising 1) a polymeric matrix, which comprises a stealth
polymer; 2) a mixture of two or more amphiphilic compounds
selected from phosphatidyl choline, phosphatidyl inositol,
phosphatidyl ethanolamine, and phosphatidic acid; and 4) a
covalently attached targeting molecule. In further embodi-
ment, the invention comprises a nanoparticle comprising 1) a
polymeric matrix, which comprises a stealth polymer; 2) a
mixture of three or more amphiphilic compounds selected
from phosphatidyl choline, phosphatidyl inositol, phosphati-
dyl ethanolamine, and phosphatidic acid; and 4) a covalently
attached targeting molecule. In a still further embodiment, the
invention comprises a nanoparticle comprising 1) a poly-
meric matrix, which comprises PLGA and PEG; 2) an
amphiphilic compound or layer that surrounds or is dispersed
within the polymeric matrix forming a continuous or discon-
tinuous shell for the particle; and 4) a covalently attached
targeting molecule. In another embodiment, the invention
comprises a nanoparticle comprising 1) a polymeric matrix,
which comprises PLGA and PEG; 2) lecithin; and 3) a
covalently attached targeting molecule. In another embodi-
ment, the invention comprises a nanoparticle comprising 1) a
polymeric matrix, which comprises PLGA and PEG; 2) a
mixture of two or more amphiphilic compounds selected
from phosphatidyl choline, phosphatidyl inositol, phosphati-
dyl ethanolamine, and phosphatidic acid; and 4) a covalently
attached targeting molecule. In one embodiment, the inven-
tion comprises a nanoparticle comprising 1) a polymeric
matrix, which comprises PLGA and PEG; 2) lecithin; and 3)
a covalently attached targeting molecule, wherein the nano-
particle diameter is between 40-80 nm and wherein the ratio
of'lecithin to polymer is between 14:1 and 34:1 by weight. In
one embodiment of the aforementioned embodiments, the
polymeric matrix comprises a biocompatible polymer, such
as PLGA.

In certain embodiments of the invention, the amphiphilic
layer of the nanoparticle, e.g., the layer of lecithin, is a mono-
layer, meaning the layer is not a phospholipid bilayer, but
exists as a single continuous or discontinuous layer around, or
within, the nanoparticle. A monolayer has the advantage of
allowing the nanoparticles to be smaller in size, which makes
them easier to prepare. The amphiphilic layer is “associated
with” the nanoparticle of the invention, meaning it is posi-
tioned in some proximity to the polymeric matrix, such as
surrounding the outside of the polymeric matrix (e.g.,
PLGA), or dispersed within the polymers that make up the
nanoparticle.
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In one embodiment, the nanoparticle of the controlled
release system has an amount of targeting moiety (e.g., an
aptamer or peptide) effective for the treatment of a disease in
a subject in need thereof. The targeting moiety can be
covalently bonded to the stealth polymer of the nanoparticle
of the invention, or the amphiphilic component itself (e.g.,
lecithin). For example, when the polymeric matrix comprises
PLGA and a PEG stealth polymer, the targeting moiety is
covalently bonded to some or all of the PEG. The nanoparticle
can have an optimized ratio of the functional and non-func-
tional polymers (e.g., aptamer bound PEG and PEG with no
aptamer), such that an effective amount of ligand is associated
with the nanoparticle for a disease. For example, increased
ligand density (e.g., on PEG) will increase target binding (cell
binding/target uptake), making the nanoparticle “target spe-
cific.” Alternatively, a certain concentration of non-function-
alized polymer (e.g., non-functionalized PEG) in the nano-
particle can control inflammation and/or immunogenicity
(i.e., the ability to provoke an immune response), and allow
the nanoparticle to have a circulation half-life that is adequate
for the treatment of a disease (e.g., cancer). Furthermore, the
non-functionalized polymer can lower the rate of clearance
from the circulatory system via the reticuloendothelial sys-
tem. Thus, the non-functionalized polymer gives the nano-
particle “stealth” characteristics. Additionally, the non-func-
tionalized polymer balances an otherwise high concentration
of ligands, which can otherwise accelerate clearance by the
subject, resulting in less delivery to the target cells.

In one embodiment, the invention is a nanoparticle com-
prising a targeting molecule covalently bound to a stealth
polymer (e.g., PEG) and wherein the stealth polymer is
covalently bound to the amphiphilic component. In another
embodiment, the invention is a nanoparticle comprising a
targeting molecule covalently bound to polyethylene glycol
and wherein the polyethylene glycol is covalently bound to
the amphiphilic component. In a further embodiment, the
invention is a nanoparticle comprising a targeting molecule
covalently bound to a stealth polymer and wherein the stealth
polymer is covalently bound to lecithin. In a further embodi-
ment, the invention is a nanoparticle comprising a targeting
molecule covalently bound to a stealth polymer and wherein
the stealth polymer is covalently bound to a mixture of two or
more amphiphilic compounds selected from phosphatidyl
choline, phosphatidyl inositol, phosphatidyl ethanolamine,
and phosphatidic acid. In a further embodiment, the invention
is a nanoparticle comprising a targeting molecule covalently
bound to polyethylene glycol and wherein the polyethylene
glycol is covalently bound to lecithin. In another embodi-
ment, the invention comprises a nanoparticle comprising a
molecule of the general formula: Targeting Molecule—Poly-
ethylene Glycol—Amphiphilic Component; wherein “— is
a covelant bond.

In a further embodiment, the invention comprises a nano-
particle comprising a molecule of the general formula: Tar-
geting Molecule—Polyethylene Glycol—Amphiphilic Com-
ponent; wherein “— is a covelant bond, and wherein the
nanoparticle diameter is between 40-80 nm.

In a still further embodiment, the invention comprises a
nanoparticle comprising a molecule of the general formula:
Targeting  Molecule—Polyethylene  Glycol—Lecithin;
wherein “—"1is a covelant bond and wherein the nanoparticle
diameter is between 40-80 nm.

In an additional embodiment, the invention comprises a
nanoparticle comprising a polymer and molecule of the gen-
eral formula: Targeting Molecule—Polyethylene Glycol—
Lecithin; wherein “— is a covelant bond and wherein the
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nanoparticle diameter is between 40-80 nm, and wherein the
ratio of lecithin to polymer is between 14:1 and 34:1 by
weight.

In one embodiment, the invention comprises a nanoparticle
comprising a polymer and molecule of the general formula:
Targeting Molecule—Polyethylene Glycol-—Amphiphilic
Component, wherein “—"is a covelant bond and wherein the
nanoparticle diameter is between 40-80 nm and wherein the
ratio of lecithin to polymer is between 14:1 and 34:1 by
weight.

In another embodiment, the nanoparticle of the invention
does not contain PEG.

The nanoparticles of the invention comprise an
amphiphilic component. The amphiphilic component can
form a layer around the outside of the nanoparticle, or dis-
posed within the polymeric matrix of the nanoparticle. The
amphiphilic component can exist as a continuous or discon-
tinuous layer in the nanoparticle. As used herein, “discontinu-
ous layer” refers to the fact that the layer can exists over a
portion (or portions) of the nanoparticle.

As shown in FIG. 12, as the ratio of amphiphilic compo-
nent (e.g., lipid) to polymeric component is increased, the
size of the nanoparticles increases. Additionally, as the ratio
of amphiphilic component (e.g., lipid) to polymeric compo-
nent is increased, the surface zeta potential decreases. In
general, the nanoparticles of the present invention are about
40 nm to about 500 nm in size. In one embodiment, the
nanoparticles of the invention are less than or equal to about
90 nm in size, e.g., about 40 nm to about 80 nm, e.g., about 40
nm to about 60 nm. Because the nanoparticles of the invention
can be less than 90 nm in size, liver uptake by the subject is
reduced, thereby allowing longer circulation in the blood-
stream.

In one embodiment, a nanoparticle of this invention is
between 40 nm and 80 nm in diameter and contains an
amphiphilic component to polymer ratio of between 14:1 to
34:1. As discussed herein, the concentration of lipid in the
nanoparticle will effect the size of the nanoparticle. Thus, in
one embodiment, a nanoparticle that is approximately 10% to
40% lipid (by weight) will have a corresponding size of about
90 nm to about 40 nm.

The nanoparticles of the invention also have a surface zeta
potential ranging from about -80mV to 50 mV. Zeta potential
is a measurement of surface potential of a particle. In some
embodiments, the particles have a zeta potential ranging
between 0mV and -50 mV, e.g., between -1 mV and -50 mV.
In some embodiments, the particles have a zeta potential
ranging between —1 mV and -25 mV. In some embodiments,
the particles have a zeta potential ranging between —1.1 mV
and -10 mV.

In some embodiments, a therapeutic agent can be associ-
ated with the polymeric matrix. In some embodiments, the
therapeutic agent can be associated with the surface of,
encapsulated within, surrounded by, and/or dispersed
throughout the polymeric matrix.

Such a nanoparticle is shown as a non-limiting example in
FIG. 1. In this figure, two polymers and an amphiphilic com-
ponent form a nanoparticle. The nanoparticle includes a bio-
degradable polymeric material (e.g., PLGA) that will form
the polymeric matrix core of the nanoparticle, as well as a
stealth polymer (e.g., PEG). The nanoparticle also includes
an amphiphilic compound (e.g., a lipid, e.g., lecithin) dis-
persed within the biodegradable polymer and the stealth poly-
mer. The polymer forming the stealth material includes an
aptamer for targeting purposes. In some cases, as shown here,
the targeting moiety (e.g., aptamer) is covalently conjugated
to the stealth polymer (e.g., PEG). The non-limiting example
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in FIG. 1 shows a nanoparticle that is completely surrounded
by an amphiphilic layer. It should be noted that the amphipilic
layer-protected nanoparticles of the invention can be sur-
rounded by a continuous layer of amphiphilic compound, or,
alternatively, only partially surrounded by such a layer (i.e., a
discontinuous layer). The amount of amphiphilic component
in the nanoparticle can be adjusted by the user by altering the
ratio of amphiphilic component to polymer when preparing
the nanoparticle. As discussed herein, this ratio can be altered
by the user to adjust the properties of the nanoparticles of the
invention, such as, but not limited to, size and zeta potential.

It should be noted that not all of the stealth polymer is
shown conjugated to a targeting moiety. By controlling the
ratio of the polymer matrix to the targeting moiety, particles
having different properties may be formed, and in some cases,
libraries of such particles may be formed.

As is also shown in the non-limiting example shown in
FIG. 1, contained within the center of the nanoparticle is a
therapeutic agent. In some cases, the therapeutic agent may
be contained within the particle due to hydrophobic effects.
For instance, the interior of the particle may be relatively
hydrophobic with respect to the surface of the particle, and the
drug may be a hydrophobic drug that associates with the
relatively hydrophobic center of the particle. In one embodi-
ment, the therapeutic agent is associated with the surface of,
encapsulated within, surrounded by, or dispersed throughout
the nanoparticle. In another embodiment, the therapeutic
agent is encapsulated within the hydrophobic core of the
nanoparticle.

In one embodiment, upon being administered to a subject,
the amphipilic layer of the nanoparticle of the invention can
degrade, such that the polymer core is eventually
“unshielded.” Such a process, particularly when occurring
after penetration into target tissue, can lead to more efficient
delivery of the therapeutic agent, thereby affording an
enhanced therapeutic effect.

Polymers

A wide variety of polymers and methods for forming par-
ticles therefrom are known in the art of drug delivery. In some
embodiments of the invention, the matrix of a particle com-
prises one or more polymers. Any polymer may be used in
accordance with the present invention. Polymers may be
natural or unnatural (synthetic) polymers. Polymers may be
homopolymers or copolymers comprising two or more
monomers. In terms of sequence, copolymers may be ran-
dom, block, or comprise a combination of random and block
sequences. Typically, polymers in accordance with the
present invention are organic polymers.

A “polymer,” as used herein, is given its ordinary meaning
asused in the art, i.e., a molecular structure comprising one or
more repeat units (monomers), connected by covalent bonds.
The repeat units may all be identical, or in some cases, there
may be more than one type of repeat unit present within the
polymer. In some cases, the polymer is biologically derived,
i.e., a biopolymer. Non-limiting examples of biopolymers
include peptides or proteins (i.e., polymers of various amino
acids), or nucleic acids such as DNA or RNA. In some cases,
additional moieties may also be present in the polymer, for
example biological moieties such as those described below.

If more than one type of repeat unit is present within the
polymer, then the polymer is said to be a “copolymer.” It is to
be understood that in any embodiment employing a polymer,
the polymer being employed may be a copolymer in some
cases. The repeat units forming the copolymer may be
arranged in any fashion. For example, the repeat units may be
arranged in a random order, in an alternating order, or as a
“block” copolymer, i.e., comprising one or more regions each
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comprising a first repeat unit (e.g., a first block), and one or
more regions each comprising a second repeat unit (e.g., a
second block), etc. Block copolymers may have two (a
diblock copolymer), three (a triblock copolymer), or more
numbers of distinct blocks.

Various embodiments of the present invention are directed
to copolymers, which, in particular embodiments, describes
two or more polymers (such as those described herein) that
have been associated with each other, usually by covalent
bonding of the two or more polymers together. Thus, a
copolymer may comprise a first polymer and a second poly-
mer, which have been conjugated together to form a block
copolymer where the first polymer is a first block of the block
copolymer and the second polymer is a second block of the
block copolymer. Of course, those of ordinary skill in the art
will understand that a block copolymer may, in some cases,
contain multiple blocks of polymer, and that a “block copoly-
mer,” as used herein, is not limited to only block copolymers
having only a single first block and a single second block. For
instance, a block copolymer may comprise a first block com-
prising a first polymer, a second block comprising a second
polymer, and a third block comprising a third polymer or the
first polymer, etc. In some cases, block copolymers can con-
tain any number of first blocks of a first polymer and second
blocks of'a second polymer (and in certain cases, third blocks,
fourth blocks, etc.). In addition, it should be noted that block
copolymers can also be formed, in some instances, from other
block copolymers.

For example, a first block copolymer may be conjugated to
another polymer (which may be a homopolymer, a biopoly-
mer, another block copolymer, etc.), to form a new block
copolymer containing multiple types of blocks, and/or to
other moieties (e.g., to non-polymeric moieties). Alterna-
tively, as described below, a copolymer can be formed using
a lipid linker (e.g., DSPE).

In one set of embodiments, a polymer (e.g., copolymer,
e.g., block copolymer) of the present invention includes a
biocompatible polymer, i.e., the polymer that does not typi-
cally induce an adverse response when inserted or injected
into a living subject, for example, without significant inflam-
mation and/or acute rejection of the polymer by the immune
system, for instance, via a T-cell response. Accordingly, the
nanoparticles of the present invention can be “non-immuno-
genic.” The term “non-immunogenic” as used herein refers to
endogenous growth factor in its native state which normally
elicits no, or only minimal levels of, circulating antibodies,
T-cells, or reactive immune cells, and which normally does
not elicit in the individual an immune response against itself.

It will be recognized, of course, that “biocompatibility” is
a relative term, and some degree of immune response is to be
expected even for polymers that are highly compatible with
living tissue. However, as used herein, “biocompatibility”
refers to the acute rejection of material by at least a portion of
the immune system, ie., a non-biocompatible material
implanted into a subject provokes an immune response in the
subject that is severe enough such that the rejection of the
material by the immune system cannot be adequately con-
trolled, and often is of a degree such that the material must be
removed from the subject. One simple test to determine bio-
compatibility is to expose a polymer to cells in vitro; biocom-
patible polymers are polymers that typically will not result in
significant cell death at moderate concentrations, e.g., at con-
centrations of 50 micrograms/10° cells. For instance, a bio-
compatible polymer may cause less than about 20% cell death
when exposed to cells such as fibroblasts or epithelial cells,
even if phagocytosed or otherwise uptaken by such cells.
Non-limiting examples of biocompatible polymers that may
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be useful in various embodiments of the present invention
include polydioxanone (PDO), polyhydroxyalkanoate, poly-
hydroxybutyrate, poly(glycerol sebacate), polyglycolide,
polylactide, PLGA, polycaprolactone, or copolymers or
derivatives including these and/or other polymers.

In certain embodiments, the biocompatible polymer is bio-
degradable, i.e., the polymer is able to degrade, chemically
and/or biologically, within a physiological environment, such
as within the body. For instance, the polymer may be one that
hydrolyzes spontaneously upon exposure to water (e.g.,
within a subject), the polymer may degrade upon exposure to
heat (e.g., at temperatures of about 37° C.). Degradation of a
polymer may occur at varying rates, depending on the poly-
mer or copolymer used. For example, the half-life of the
polymer (the time at which 50% of the polymer is degraded
into monomers and/or other nonpolymeric moieties) may be
on the order of days, weeks, months, or years, depending on
the polymer. The polymers may be biologically degraded,
e.g., by enzymatic activity or cellular machinery, in some
cases, for example, through exposure to a lysozyme (e.g.,
having relatively low pH). In some cases, the polymers may
be broken down into monomers and/or other nonpolymeric
moieties that cells can either reuse or dispose of without
significant toxic effect on the cells (for example, polylactide
may be hydrolyzed to form lactic acid, polyglycolide may be
hydrolyzed to form glycolic acid, etc.).

In some embodiments, polymers may be polyesters,
including copolymers comprising lactic acid and glycolic
acid units, such as poly(lactic acid-co-glycolic acid) and poly
(lactide-co-glycolide), collectively referred to herein as
“PLGA”; and homopolymers comprising glycolic acid units,
referred to herein as “PGA,” and lactic acid units, such as
poly-L-lactic acid, poly-D-lactic acid, poly-D,L-lactic acid,
poly-L-lactide, poly-D-lactide, and poly-D,L-lactide, collec-
tively referred to herein as “PLA.” In some embodiments,
exemplary polyesters include, for example, polyhydroxyac-
ids; PEGylated polymers and copolymers of lactide and gly-
colide (e.g., PEGylated PLA, PEGylated PGA, PEGylated
PLGA, and derivatives thereof. In some embodiments, poly-
esters include, for example, polyanhydrides, poly(ortho
ester) PEGylated poly(ortho ester), poly(caprolactone),
PEGylated poly(caprolactone), polylysine, PEGylated polyl-
ysine, poly(ethylene inline), PEGylated poly(ethylene
imine), poly(L-lactide-co-L-lysine), poly(serine ester), poly
(4-hydroxy-L-proline ester), poly[a-(4-aminobutyl)-L-gly-
colic acid], and derivatives thereof.

In some embodiments, a polymer may be PLGA. PLGA is
a biocompatible and biodegradable co-polymer of lactic acid
and glycolic acid, and various forms of PLGA are character-
ized by the ratio oflactic acid:glycolic acid. Lactic acid can be
L-lactic acid, D-lactic acid, or D,L-lactic acid. The degrada-
tion rate of PLGA can be adjusted by altering the lactic
acid-glycolic acid ratio. In some embodiments, PLLGA to be
used in accordance with the present invention is characterized
by a lactic acid:glycolic acid ratio of approximately 85:15,
approximately 75:25, approximately 60:40, approximately
50:50, approximately 40:60, approximately 25:75, or
approximately 15:85.

In particular embodiments, by optimizing the ratio of lactic
acid to glycolic acid monomers in the polymer of the nano-
particle (e.g., the PLGA block copolymer or PLGA-PEG
block copolymer), nanoparticle parameters such as water
uptake, therapeutic agent release (e.g., “controlled release”™)
and polymer degradation kinetics can be optimized.

In some embodiments, polymers may be one or more
acrylic polymers. In certain embodiments, acrylic polymers
include, for example, acrylic acid and methacrylic acid
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copolymers, methyl methacrylate copolymers, ethoxyethyl
methacrylates, cyanoethyl methacrylate, aminoalkyl meth-
acrylate copolymer, poly(acrylic acid), poly(methacrylic
acid), methacrylic acid alkylamide copolymer, poly(methyl
methacrylate), poly(methacrylic acid polyacrylamide, ami-
noalkyl methacrylate copolymer, glycidyl methacrylate
copolymers, polycyanoacrylates, and combinations compris-
ing one or more of the foregoing polymers. The acrylic poly-
mer may comprise fully-polymerized copolymers of acrylic
and methacrylic acid esters with a low content of quaternary
ammonium groups.

In some embodiments, polymers can be cationic polymers.
In general, cationic polymers are able to condense and/or
protect negatively charged strands of nucleic acids (e.g. DNA,
RNA, or derivatives thereof). Amine-containing polymers
such as poly(lysine) (Zauner et al., 1998, Adv. Drug Del. Rev.,
30:97; and Kabanov et al., 1995, Bioconjugate Chem., 6:7),
polyethylene imine) (PEI; Boussif et al, 1995, Proc. Natl.
Acad. Sci., USA, 1995, 92:7297), and poly(amidoamine) den-
drimers (Kukowska-Latallo et al., 1996, Proc. Natl. Acad.
Sci., USA, 93:4897; Tang et al., 1996, Bioconjugate Chem.,
7:703; and Haensler et al., 1993, Bioconjugate Chem., 4:372)
are positively-charged at physiological pH, form ion pairs
with nucleic acids, and mediate transfection in a variety of
cell lines.

In some embodiments, polymers can be degradable poly-
esters bearing cationic side chains (Putnam et al., 1999, Mac-
romolecules, 32:3658; Barreraetal., 1993, J Am. Chem. Soc.,
115:11010; Kwonef al, 19%9, Macromolecules, 22325Q-,
Urnetal., 1999, J. Am. Chem. Soc., 121:5633; and Zhou et al,
1990, Macromolecules, 23:3399). Examples of these polyes-
ters include poly(L-lactide-co-L-lysine) (Barrera et al, 1993,
J. Am. Chem. Soc., 115:11010), poly(serine ester) (Zhou et
al.,, 1990, Macromolecules, 23:3399), poly(4-hydroxy-L.-
proline ester) (Putnam et al, 1999, Macromolecules,
32:3658; and Lim et al., 1999, J. Am. Chem. Soc., 121:5633).
Poly(4-hydroxy-L-proline ester) was demonstrated to con-
dense plasmid DNA through electrostatic interactions, and to
mediate gene transfer (Putnam et al, 1999, Macromolecules,
32:3658; and Lim et al., 1999, J. Am. Chem. Soc., 121:5633).
These new polymers are less toxic than poly(lysine) and PEI,
and they degrade into non-toxic metabolites.

A polymer (e.g., copolymer, e.g., block copolymer) con-
taining poly(ethylene glycol) repeat units is also referred to as
a “PEGylated” polymer. Such polymers can control inflam-
mation and/or immunogenicity (i.e., the ability to provoke an
immune response) and/or lower the rate of clearance from the
circulatory system via the reticuloendothelial system, due to
the presence of the poly(ethylene glycol) groups.

PEGylation may also be used, in some cases, to decrease
charge interaction between a polymer and a biological moi-
ety, e.g., by creating a hydrophilic layer on the surface of the
polymer, which may shield the polymer from interacting with
the biological moiety. In some cases, the addition of poly
(ethylene glycol) repeat units may increase plasma half-life
of the polymer (e.g., copolymer, e.g., block copolymer), for
instance, by decreasing the uptake of the polymer by the
phagocytic system while decreasing transfection/uptake effi-
ciency by cells. Those of ordinary skill in the art will know of
methods and techniques for PEGylating a polymer, for
example, by using EDC (1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride) and NHS (N-hydroxysuccinim-
ide) to react a polymer to a PEG group terminating in an
amine, by ring opening polymerization techniques (ROMP),
or the like.

In addition, certain embodiments of the invention are
directed towards copolymers containing poly(ester-ether)s,
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e.g., polymers having repeat units joined by ester bonds (e.g.,
R—C(0O)—0O—R' bonds) and ether bonds (e.g., R—O—R'
bonds). In some embodiments of the invention, a biodegrad-
able polymer, such as a hydrolyzable polymer, containing
carboxylic acid groups, may be conjugated with poly(ethyl-
ene glycol) repeat units to form a poly(ester-ether).

In a particular embodiment, the molecular weight of the
polymers of the nanoparticles of the invention are optimized
for effective treatment of diseases, e.g., cancer. For example,
the molecular weight of the polymer influences nanoparticle
degradation rate (particularly when the molecular weight of a
biodegradable polymer is adjusted), solubility, water uptake,
and drug release kinetics (e.g. “controlled release™). As a
further example, the molecular weight of the polymer can be
adjusted such that the nanoparticle biodegrades in the subject
being treated within a reasonable period of time (ranging
from a few hours to 1-2 weeks, 3-4 weeks, 5-6 weeks, 7-8
weeks, etc.). In particular embodiments of a nanoparticle
comprising a copolymer of PEG and PLGA, the PEG has a
molecular weight of 1,000-20,000, e.g., 5,000-20,000, e.g.,
10,000-20,000, and the PLGA has a molecular weight of
5,000-100,000, e.g., 20,000-70,000, e.g., 20,000-50,000.

In another embodiment, the invention provides an
amphiphilic layer-protected nanoparticle, and methods of
making the nanoparticle, wherein one polymer of the poly-
meric matrix (e.g., PEG), is conjugated to a lipid that will self
assemble with another polymer (e.g., PLGA), such that the
polymers of the polymeric matrix are not covalently bound,
but are bound through self-assembly. “Self-assembly” refers
to a process of spontaneous assembly of a higher order struc-
ture that relies on the natural attraction of the components of
the higher order structure (e.g., molecules) for each other. It
typically occurs through random movements of the mol-
ecules and formation of bonds based on size, shape, compo-
sition, or chemical properties. The lipid that is used for self-
assembly of the polymers is in addition to the amphiphilic
component of the nanoparticle.

In certain embodiments, the polymers of the nanoparticles
may be conjugated to a lipid, i.e., a lipid in addition to the
amphiphilic component of the nanoparticle of the invention.
The polymer may be, for example, a lipid-terminated PEG.
The present invention also provides methods for forming
amphiphilic-protected nanoparticles with a lipid-terminated
PEG. For example, such a method comprises providing a first
polymer that is reacted with a lipid, to form a polymer/lipid
conjugate. The polymer/lipid conjugate is then reacted with a
targeting moiety to prepare a targeting moiety-bound poly-
mer/lipid conjugate; and mixing the ligand-bound polymer/
lipid conjugate with a second, non-functionalized polymer,
an amphiphilic component, and a therapeutic agent; such that
an amphiphilic layer-protected nanoparticle is formed. In
certain embodiments, the first polymer is PEG, such that a
lipid-terminated PEG is formed. The lipid-terminated PEG
can then, for example, be mixed with PLGA to form a nano-
particle.

As described above, the lipid portion of the polymer can be
used for self assembly with another polymer, facilitating the
formation of a nanoparticle. For example, a hydrophilic poly-
mer could be conjugated to a lipid that will self assemble with
a hydrophobic polymer.

In some embodiments, lipids are oils. In general, any oil
known in the art can be conjugated to the polymers used in the
invention. In some embodiments, an oil may comprise one or
more fatty acid groups or salts thereof. In some embodiments,
a fatty acid group may comprise digestible, long chain (e.g.,
Cg-Cs,), substituted or unsubstituted hydrocarbons. In some
embodiments, a fatty acid group may be a C,,-C,,, fatty acid
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or salt thereof. In some embodiments, a fatty acid group may
be a C, 5-C,, fatty acid or salt thereof. In some embodiments,
a fatty acid may be unsaturated. In some embodiments, a fatty
acid group may be monounsaturated. In some embodiments,
a fatty acid group may be polyunsaturated. In some embodi-
ments, a double bond of an unsaturated fatty acid group may
be in the cis conformation. In some embodiments, a double
bond of an unsaturated fatty acid may be in the trans confor-
mation.

In some embodiments, a fatty acid group can be one or
more of butyric, caproic, caprylic, capric, lauric, myristic,
palmitic, stearic, arachidic, behenic, or lignoceric acid. In
some embodiments, a fatty acid group may be one or more of
palmitoleic, oleic, vaccenic, linoleic, alpha-linolenic,
gamma-linoleic, arachidonic, gadoleic, arachidonic, eicosa-
pentaenoic, docosahexaenoic, or erucic acid.

In a particular embodiment, the lipid, i.e., the lipid in
addition to the amphiphilic component of the nanoparticle of
the invention, is of the Formula I:

@
R

R 0 /K
\K o 0
(@]
O
HO—P—O

NH,

and salts thereof, wherein each R is, independently, C, 5,
alkyl. In one embodiment of Formula V, the lipid is 1,2 dis-
tearoyl-sn-glycero-3-phosphoethanolamine (DSPE), and
salts thereof, e.g., the sodium salt.

The properties of these and other polymers and methods
for preparing them are well known in the art (see, for example,
U.S. Pat. Nos. 6,123,727; 5,804,178; 5,770,417, 5,736,372;
5,716,404; 6,095,148; 5,837,752, 5,902,599; 5,696,175,
5,514,378; 5,512,600; 5,399,665, 5,019,379; 5,010,167,
4,806,621; 4,638,045; and 4,946,929; Wang et al, 2001, J.
Am. Chem. Soc., 123:9480; Lim et al., 2001, J. Am. Chem.
Soc., 123:2460; Langer, 2000, Ace. Chem. Res., 33:94;
Langer, 1999, J. Control. Release, 62:7; and Uhrich et al.,
1999, Chem. Rev., 99:3181). More generally, a variety of
methods for synthesizing suitable polymers are described in
Concise Encyclopedia of Polymer Science and Polymeric
Amines and Ammonium Salts, Ed. by Goethals, Pergamon
Press, 1980; Principles of Polymerization by Odian, John
Wiley & Sons, Fourth Edition, 2004, Contemporary Polymer
Chemistry by Allcock et al., Prentice-Hall, 1981; Deming et
al, 1997, Nature, 390:386; and in U.S. Pat. Nos. 6,506,577,
6,632,922, 6,686,446, and 6,818,732.

Therapeutic Agents

In still another set of embodiments, the amphiphilic pro-
tected nanoparticle of the present invention includes a thera-
peutic agent, i.e., an agent that has a therapeutic or prophy-
lactic effect when given to a subject. Examples of therapeutic
moieties to be used with the nanoparticles of the present
invention include antineoplastic or cytostatic agents or other
agents with anticancer properties, or a combination thereof.
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For instance, the targeting moiety may target or cause the
particle to become localized at specific portions within a
subject, and the therapeutic agent may be delivered to those
portions. In a particular embodiment, the drug or other pay-
load is released in a controlled release manner from the par-
ticle and allowed to interact locally with the particular target-
ing site (e.g., a tumor). The term “controlled release” (and
variants of that term) as used herein (e.g., in the context of
“controlled-release system™) is generally meant to encom-
pass release of substance (e.g., a drug) at a selected site or
otherwise controllable in rate, interval, and/or amount. Con-
trolled release encompasses, but is not necessarily limited to,
substantially continuous delivery, patterned delivery (e.g.,
intermittent delivery over a period of time that is interrupted
by regular or irregular time intervals), and delivery of a bolus
of a selected substance (e.g., as a predetermined, discrete
amount if a substance over a relatively short period of time
(e.g., a few seconds or minutes)).

In one set of embodiments, the therapeutic agent is a drug
or a combination of more than one drug. Such particles may
be useful, for example, in embodiments where a targeting
moiety may be used to direct a particle containing a drug to a
particular localized location within a subject, e.g., to allow
localized delivery of the drug to occur. Exemplary therapeutic
agents include chemotherapeutic agents such as doxorubicin
(adriamycin), gemcitabine (gemzar), daunorubicin, procar-
bazine, mitomycin, cytarabine, etoposide, methotrexate,
S-fluorouracil (5-FU), vinblastine, vincristine, bleomycin,
paclitaxel (taxol), docetaxel (taxotere), aldesleukin, aspara-
ginase, busulfan, carboplatin, cladribine, camptothecin, CPT-
11,10-hydroxy-7-ethylcamptothecin (SN38), dacarbazine,
S—I capecitabine, ftorafur, 5' deoxyfluorouridine, UFT, eni-
luracil, deoxycytidine, S-azacytosine, S-azadeoxycytosine,
allopurinol, 2-chloroadenosine, trimetrexate, aminopterin,
methylene-10-deazaminopterin (MDAM), oxaplatin, picopl-
atin, tetraplatin, satraplatin, platinum-DACH, ormaplatin,
CI-973, JM-216, and analogs thereof, epirubicin, etoposide
phosphate, 9-aminocamptothecin, 10,11-methylenedioxy-
camptothecin, karenitecin, 9-nitrocamptothecin, TAS103,
vindesine, [.-phenylalanine mustard, ifosphamidemefospha-
mide, perfostamide, trophosphamide carmustine, semustine,
epothilones A-E, tomudex, 6-mercaptopurine, 6-thioguanine,
amsacrine, etoposide phosphate, karenitecin, acyclovir, vala-
cyclovir, ganciclovir, amantadine, rimantadine, lamivudine,
zidovudine, bevacizumab, trastuzumab, rituximab, 5-Fluo-
rouracil, and combinations thereof.

Suitable non-genetic therapeutic agents for use in connec-
tion with the present invention may be selected, for example,
from one or more of the following: (a) anti-thrombotic agents
such as heparin, heparin derivatives, urokinase, clopidogrel,
and PPack (dextrophenylalanine proline arginine chlorom-
ethylketone); (b) anti-inflammatory agents such as dexam-
ethasone, prednisolone, corticosterone, budesonide, estro-
gen, sulfasalazine and mesalamine; (c) antineoplastic/
antiproliferative/anti-miotic agents such as paclitaxel,
S-fluorouracil, cisplatin, vinblastine, vincristine, epothilones,
endostatin, angiostatin, angiopeptin, monoclonal antibodies
capable of blocking smooth muscle cell proliferation, and
thymidine kinase inhibitors; (d) anesthetic agents such as
lidocaine, bupivacaine and ropivacaine; (e) anti-coagulants
such as D-Phe-Pro-Arg chloromethyl ketone, an RGD pep-
tide-containing compound, heparin, hirudin, antithrombin
compounds, platelet receptor antagonists, anti-thrombin anti-
bodies, anti-platelet receptor antibodies, aspirin, prostaglan-
din inhibitors, platelet inhibitors and tick antiplatelet pep-
tides; (f) vascular cell growth promoters such as growth
factors, transcriptional activators, and translational promot-
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ers; (g) vascular cell growth inhibitors such as growth factor
inhibitors, growth factor receptor antagonists, transcriptional
repressors, translational repressors, replication inhibitors,
inhibitory antibodies, antibodies directed against growth fac-
tors, bifunctional molecules consisting of a growth factor and
a cytotoxin, bifunctional molecules consisting of an antibody
and a cytotoxin; (h) protein kinase and tyrosine kinase inhibi-
tors (e.g., tyrphostins, genistein, quinoxalines); (i) prostacy-
clin analogs; (j) cholesterol-lowering agents; (k) angiopoi-
etins; (1) antimicrobial agents such as triclosan,
cephalosporins, aminoglycosides and nitrofurantoin; (m)
cytotoxic agents, cytostatic agents and cell proliferation
affectors; (n) vasodilating agents; (0) agents that interfere
with endogenous vasoactive mechanisms; (p) inhibitors of
leukocyte recruitment, such as monoclonal antibodies; (q)
cytokines; (r) hormones; (s) inhibitors of HSP 90 protein (i.e.,
Heat Shock Protein, which is a molecular chaperone or
housekeeping protein and is needed for the stability and func-
tion of other client proteins/signal transduction proteins
responsible for growth and survival of cells) including
geldanamycin, (t) smooth muscle relaxants such as alpha
receptor antagonists (e.g., doxazosin, tamsulosin, terazosin,
prazosin and alfuzosin), calcium channel blockers (e.g., ver-
apimil, diltiazem, nifedipine, nicardipine, nimodipine and
bepridil), beta receptor agonists (e.g., dobutamine and salme-
terol), beta receptor antagonists (e.g., atenolol, metaprolol
and butoxamine), angiotensin-II receptor antagonists (e.g.,
losartan, valsartan, irbesartan, candesartan, eprosartan and
telmisartan), and antispasmodic/anticholinergic drugs (e.g.,
oxybutynin chloride, flavoxate, tolterodine, hyoscyamine
sulfate, diclomine), (u) bARKct inhibitors, (v) phospholam-
ban inhibitors, (w) Serca 2 gene/protein, (x) immune
response modifiers including aminoquizolines, for instance,
imidazoquinolines such as resiquimod and imiquimod, (y)
human apolioproteins (e.g., Al, All, Alll, AIV, AV, etc.), (z)
selective estrogen receptor modulators (SERMs) such as ral-
oxifene, lasofoxifene, arzoxifene, miproxifene, ospemifene,
PKS 3741, MF 101 and SR 16234, (aa) PPAR agonists such
as rosiglitazone, pioglitazone, netoglitazone, fenofibrate,
bexaotene, metaglidasen, rivoglitazone and tesaglitazar, (bb)
prostaglandin E agonists such as alprostadil or ONO 8815Ly,
(cc) thrombin receptor activating peptide (TRAP), (dd)
vasopeptidase inhibitors including benazepril, fosinopril,
lisinopril, quinapril, ramipril, imidapril, delapril, moexipril
and spirapril, (ee) thymosin beta 4, and (ff) phospholipids
including phosphorylcholine, phosphatidylinositol and phos-
phatidylcholine.

Preferred non-genetic therapeutic agents include taxanes
such as paclitaxel (including particulate forms thereof, for
instance, protein-bound paclitaxel particles such as albumin-
bound paclitaxel nanoparticles, e.g., ABRAXANE), siroli-
mus, everolimus, tacrolimus, zotarolimus, Epo D, dexam-
ethasone, estradiol, halofuginone, cilostazole, geldanamycin,
ABT-578 (Abbott Laboratories), trapidil, liprostin, Actinom-
cin D, Resten-NG, Ap-17, abciximab, clopidogrel, Ridogrel,
beta-blockers, bARKct inhibitors, phospholamban inhibi-
tors, Serca 2 gene/protein, imiquimod, human apolioproteins
(e.g., AI-AV), growth factors (e.g., VEGF-2), as well deriva-
tives of the forgoing, among others.

Suitable genetic therapeutic agents for use in connection
with the present invention include anti-sense DNA and RNA
as well as DNA coding for the various proteins (as well as the
proteins themselves) and may be selected, for example, from
one or more of the following: (a) anti-sense RNA, (b) tRNA or
rRNA to replace defective or deficient endogenous mol-
ecules, (c¢) angiogenic and other factors including growth
factors such as acidic and basic fibroblast growth factors,
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vascular endothelial growth factor, endothelial mitogenic
growth factors, epidermal growth factor, transforming growth
factor o and f, platelet-derived endothelial growth factor,
platelet-derived growth factor, tumor necrosis factor ., hepa-
tocyte growth factor and insulin-like growth factor, (d) cell
cycle inhibitors including CD inhibitors, and (e) thymidine
kinase (“TK”) and other agents useful for interfering with cell
proliferation. Also of interest is DNA encoding for the family
of'bone morphogenic proteins (“BMP’s”), including BMP-2,
BMP-3, BMP-4, BMP-5, BMP-6 (Vgr-1), BMP-7 (OP-1),
BMP-8, BMP-9, BMP-10, BMP-11, BMP-12, BMP-13,
BMP-14, BMP-15, and BMP-16. Currently preferred BMP’s
are any of BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 and
BMP-7. These dimeric proteins can be provided as
homodimers, heterodimers, or combinations thereof, alone or
together with other molecules. Alternatively, or in addition,
molecules capable of inducing an upstream or downstream
effect of a BMP can be provided. Such molecules include any
of the “hedgehog” proteins, or the DNA’s encoding them.
Further therapeutic agents, not necessarily exclusive of
those listed above, have been identified as candidates for
vascular treatment regimens, for example, as agents targeting
restenosis (anti-restenotic agents). Suitable agents may be
selected, for example, from one or more of the following: (a)
Ca-channel blockers including benzothiazapines such as dil-
tiazem and clentiazem, dihydropyridines such as nifedipine,
amlodipine and nicardapine, and phenylalkylamines such as
verapamil, (b) serotonin pathway modulators including:
5-HT antagonists such as ketanserin and naftidrofuryl, as well
as 5-HT uptake inhibitors such as fluoxetine, (c) cyclic nucle-
otide pathway agents including phosphodiesterase inhibitors
such as cilostazole and dipyridamole, adenylate/Guanylate
cyclase stimulants such as forskolin, as well as adenosine
analogs, (d) catecholamine modulators including a-antago-
nists such as prazosin and bunazosine, §-antagonists such as
propranolol and «/f-antagonists such as labetalol and
carvedilol, (e) endothelin receptor antagonists such as bosen-
tan, sitaxsentan sodium, atrasentan, endonentan, (f) nitric
oxide donors/releasing molecules including organic nitrates/
nitrites such as nitroglycerin, isosorbide dinitrate and amyl
nitrite, inorganic nitroso compounds such as sodium nitro-
prusside, sydnonimines such as molsidomine and linsidom-
ine, nonoates such as diazenium diolates and NO adducts of
alkanediamines, S-nitroso compounds including low
molecular weight compounds (e.g., S-nitroso derivatives of
captopril, glutathione and N-acetyl penicillamine) and high
molecular weight compounds (e.g., S-nitroso derivatives of
proteins, peptides, oligosaccharides, polysaccharides, syn-
thetic polymers/oligomers and natural polymers/oligomers),
as well as C-nitroso-compounds, O-nitroso-compounds,
N-nitroso-compounds and L-arginine, (g) Angiotensin Con-
verting Enzyme (ACE) inhibitors such as cilazapril, fosino-
pril and enalapril, (h) ATII-receptor antagonists such as
saralasin and losartin, (i) platelet adhesion inhibitors such as
albumin and polyethylene oxide, (j) platelet aggregation
inhibitors including cilostazole, aspirin and thienopyridine
(ticlopidine, clopidogrel) and GP IIb/IIla inhibitors such as
abciximab, epitifibatide and tirofiban, (k) coagulation path-
way modulators including heparinoids such as heparin, low
molecular weight heparin, dextran sulfate and p-cyclodextrin
tetradecasulfate, thrombin inhibitors such as hirudin, hirulog,
PPACK(D-phe-L-propyl-L-arg-chloromethylketone)  and
argatroban, FXa inhibitors such as antistatin and TAP (tick
anticoagulant peptide), Vitamin K inhibitors such as warfarin,
as well as activated protein C, (1) cyclooxygenase pathway
inhibitors such as aspirin, ibuprofen, flurbiprofen,
indomethacin and sulfinpyrazone, (m) natural and synthetic
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corticosteroids such as dexamethasone, prednisolone, meth-
prednisolone and hydrocortisone, (n) lipoxygenase pathway
inhibitors such as nordihydroguairetic acid and caffeic acid,
(0) leukotriene receptor antagonists, (p) antagonists of E- and
P-selectins, (q) inhibitors of VCAM-1 and ICAM-1 interac-
tions, (r) prostaglandins and analogs thereof including pros-
taglandins such as PGE1 and PGI2 and prostacyclin analogs
such as ciprostene, epoprostenol, carbacyclin, iloprost and
beraprost, (s) macrophage activation preventers including
bisphosphonates, (t) HMG-CoA reductase inhibitors such as
lovastatin, pravastatin, atorvastatin, fluvastatin, simvastatin
and cerivastatin, (u) fish oils and omega-3-fatty acids, (v)
free-radical scavengers/antioxidants such as probucol, vita-
mins C and E, ebselen, trans-retinoic acid and SOD (orgot-
ein), SOD mimics, verteporfin, rostaporfin, AGI 1067, and M
40419, (w) agents affecting various growth factors including
FGF pathway agents such as bFGF antibodies and chimeric
fusion proteins, PDGF receptor antagonists such as trapidil,
IGF pathway agents including somatostatin analogs such as
angiopeptin and ocreotide, TGF-f pathway agents such as
polyanionic agents (heparin, fucoidin), decorin, and TGF-§3
antibodies, EGF pathway agents such as EGF antibodies,
receptor antagonists and chimeric fusion proteins, TNF-a
pathway agents such as thalidomide and analogs thereof,
Thromboxane A2 (TXA2) pathway modulators such as
sulotroban, vapiprost, dazoxiben and ridogrel, as well as pro-
tein tyrosine kinase inhibitors such as tyrphostin, genistein
and quinoxaline derivatives, (x) matrix metalloprotease
(MMP) pathway inhibitors such as marimastat, ilomastat,
metastat, batimastat, pentosan polysulfate, rebimastat, incyc-
linide, apratastat, PG 116800, RO 1130830 or ABT 518, (y)
cell motility inhibitors such as cytochalasin B, (z) antiprolif-
erative/antineoplastic agents including antimetabolites such
as purine analogs (e.g., 6-mercaptopurine or cladribine,
which is a chlorinated purine nucleoside analog), pyrimidine
analogs (e.g., cytarabine and 5-fluorouracil) and methotrex-
ate, nitrogen mustards, alkyl sulfonates, ethylenimines, anti-
biotics (e.g., daunorubicin, doxorubicin), nitrosoureas, cispl-
atin, agents affecting microtubule dynamics (e.g.,
vinblastine, vincristine, colchicine, Epo D, paclitaxel and
epothilone), caspase activators, proteasome inhibitors, angio-
genesis inhibitors (e.g., endostatin, angiostatin and
squalamine), rapamycin (sirolimus) and its analogs (e.g.,
everolimus, tacrolimus, zotarolimus, etc.), cerivastatin, fla-
vopiridol and suramin, (aa) matrix deposition/organization
pathway inhibitors such as halofuginone or other quinazoli-
none derivatives, pirfenidone and tranilast, (bb) endothelial-
ization facilitators such as VEGF and RGD peptide, (cc)
blood rheology modulators such as pentoxifylline and (dd)
glucose cross-link breakers such as alagebrium chloride
(ALT-711).

Numerous additional therapeutic for the practice of the
present invention may be selected from suitable therapeutic
agents disclosed in U.S. Pat. No. 5,733,925 to Kunz.

Non-limiting examples of potentially suitable drugs
include anti-cancer agents, including, for example, docetaxel,
mitoxantrone, and mitoxantrone hydrochloride. In another
embodiment, the payload may be an anti-cancer drug such as
20-epi-1, 25 dihydroxyvitamin D3, 4-ipomeanol, 5-ethyny-
luracil, 9-dihydrotaxol, abiraterone, acivicin, aclarubicin,
acodazole hydrochloride, acronine, acylfiilvene, adecypenol,
adozelesin, aldesleukin, all-tk antagonists, altretamine,
ambamustine, ambomycin, ametantrone acetate, amidox,
amifostine, aminoglutethimide, aminolevulinic acid, amrubi-
cin, amsacrine, anagrelide, anastrozole, andrographolide,
angiogenesis inhibitors, antagonist D, antagonist G, antar-
elix, anthramycin, anti-dorsalizdng morphogenetic protein-
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1, antiestrogen, antineoplaston, antisense oligonucleotides,
aphidicolin glycinate, apoptosis gene modulators, apoptosis
regulators, apurinic acid, ARA-CDP-DL-PTBA, arginine
deaminase, asparaginase, asperlin, asulacrine, atamestane,
atrimustine, axinastatin 1, axinastatin 2, axinastatin 3, azac-
itidine, azasetron, azatoxin, azatyrosine, azetepa, azotomy-
cin, baccatin III derivatives, balanol, batimastat, benzochlo-
rins, benzodepa, benzoylstaurosporine, beta lactam
derivatives, beta-alethine, betaclamycin B, betulinic acid,
BFGF inhibitor, bicalutamide, bisantrene, bisantrene hydro-
chloride, bisazuidinylspermine, bisnafide, bisnafide dimesy-
late, bistratene A, bizelesin, bleomycin, bleomycin sulfate,
BRC/ABL antagonists, breflate, brequinar sodium, bropir-
imine, budotitane, busulfan, buthionine sulfoximine, cactino-
mycin, calcipotriol, calphostin C, calusterone, camptothecin
derivatives, canarypox IL-2, capecitabine, caraceraide, car-
betimer, carboplatin, carboxamide-amino-triazole, car-
boxyamidotriazole, carest M3, carmustine, earn 700, carti-
lage derived inhibitor, carubicin hydrochloride, carzelesin,
casein kinase inhibitors, castanosperrnine, cecropin B, cedef-
ingol, cetrorelix, chlorambucil, chlorins, chloroquinoxaline
sulfonamide, cicaprost, cirolemycin, cisplatin, cis-porphyrin,
cladribine, clomifene analogs, clotrimazole, collismycin A,
collismycin B, combretastatin A4, combretastatin analog,
conagenin, crambescidin 816, crisnatol, crisnatol mesylate,
cryptophycin 8, cryptophycin A derivatives, curacin A, cyclo-
pentanthraquinones, cyclophosphamide, cycloplatam, cype-
mycin, cytarabine, cytarabine ocfosfate, cytolytic factor,
cytostatin, dacarbazine, dacliximab, dactinomycin, daunoru-
bicin hydrochloride, decitabine, dehydrodidemnin B,
deslorelin, dexifosfamide, dexormaplatin, dexrazoxane, dex-
verapamil, dezaguanine, dezaguanine mesylate, diaziquone,
didemnin B, didox, diethyhiorspermine, dihydro-5-azacyti-
dine, dioxamycin, diphenyl spiromustine, docetaxel,
docosanol, dolasetron, doxifluridine, doxorubicin, doxorubi-
cin hydrochloride, droloxifene, droloxifene citrate, dromo-
stanolone propionate, dronabinol, duazomycin, duocannycin
SA, ebselen, ecomustine, edatrexate, edelfosine, edrecolo-
mab, eflomithine, eflomithine hydrochloride, elemene, elsar-
nitrucin, emitefur, enloplatin, enpromate, epipropidine, epi-
rubicin, epirubicin hydrochloride, epristeride, erbulozole,
erythrocyte gene therapy vector system, esorubicin hydro-
chloride, estramustine, estramustine analog, estramustine
phosphate sodium, estrogen agonists, estrogen antagonists,
etanidazole, etoposide, etoposide phosphate, etoprine,
exemestane, fadrozole, fadrozole hydrochloride, fazarabine,
fenretinide, filgrastim, finasteride, flavopiridol, flezelastine,
floxuridine, fluasterone, fludarabine, fludarabine phosphate,
fluorodaunorunicin hydrochloride, fluorouracil, fluorocitab-
ine, forfenimex, formestane, fosquidone, fostriecin, fostrie-
cin sodium, fotemustine, gadolinium texaphyrin, gallium
nitrate, galocitabine, ganirelix, gelatinase inhibitors, gemcit-
abine, gemcitabine hydrochloride, glutathione inhibitors,
hepsulfam, heregulin, hexamethylene bisacetamide, hydrox-
yurea, hypericin, ibandronic acid, idarubicin, idarubicin
hydrochloride, idoxifene, idramantone, ifosfamide, ihnofos-
ine, ilomastat, imidazoacridones, imiquimod, immunostimu-
lant peptides, insulin-like growth factor-1 receptor inhibitor,
interferon agonists, interferon alpha-2A, interferon alpha-2B,
interferon alpha-N1, interferon alpha-N3, interferon beta-IA,
interferon gamma-IB, interferons, interleukins, iobenguane,
iododoxorubicin, iproplatm, irinotecan, irinotecan hydro-
chloride, iroplact, irsogladine, isobengazole, isohomohali-
condrin B, itasetron, jasplakinolide, kahalalide F, lamel-
larin-N triacetate, lanreotide, lanreotide acetate, leinamycin,
lenograstim, lentinan sulfate, leptolstatin, letrozole, leukemia
inhibiting factor, leukocyte alpha interferon, leuprolide
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acetate,  leuprolide/estrogen/progesterone,  leuprorelin,
levamisole, liarozole, liarozole hydrochloride, linear

polyamine analog, lipophilic disaccharide peptide, lipophilic
platinum compounds, lissoclinamide, lobaplatin, lombricine,
lometrexol, lometrexol sodium, lomustine, lonidamine,
losoxantrone, losoxantrone hydrochloride, lovastatin, loxor-
ibine, lurtotecan, lutetium texaphyrin lysofylline, lytic pep-
tides, maitansine, mannostatin A, marimastat, masoprocol,
maspin, matrilysin inhibitors, matrix metalloproteinase
inhibitors, maytansine, mechlorethamine hydrochloride,
megestrol acetate, melengestrol acetate, melphalan, menog-
aril, merbarone, mercaptopurine, meterelin, methioninase,
methotrexate, methotrexate sodium, metoclopramide, meto-
prine, meturedepa, microalgal protein kinase C uihibitors,
MIF inhibitor, mifepristone, miltefosine, mirimostim, mis-
matched double stranded RNA, mitindomide, mitocarcin,
mitocromin, mitogillin, mitoguazone, mitolactol, mitomal-
cin, mitomycin, mitomycin analogs, mitonafide, mitosper,
mitotane, mitotoxin fibroblast growth factor-saporin, mitox-
antrone, mitoxantrone hydrochloride, mofarotene, molgra-
mostim, monoclonal antibody, human chorionic gonadotro-
phin, monophosphoryl lipid a/myobacterium cell wall SK,
mopidamol, multiple drug resistance gene inhibitor, multiple
tumor suppressor 1-based therapy, mustard anticancer agent,
mycaperoxide B, mycobacterial cell wall extract, mycophe-
nolic acid, myriaporone, n-acetyldinaline, nafarelin,
nagrestip, naloxone/pentazocine, napavin, naphterpin, nar-
tograstim, nedaplatin, nemorubicin, neridronic acid, neutral
endopeptidase, nilutamide, nisamycin, nitric oxide modula-
tors, nitroxide antioxidant, nitrullyn, nocodazole, nogalamy-
cin, n-substituted benzamides, O6-benzylguanine, oct-
reotide,  okicenone, oligonucleotides,  onapristone,
ondansetron, oracin, oral cytokine inducer, ormaplatin,
osaterone, oxaliplatin, oxaunomycin, oxisuran, paclitaxel,
paclitaxel analogs, paclitaxel derivatives, palauamine, palmi-
toylrhizoxin, pamidronic acid, panaxytriol, panomifene,
parabactin, pazelliptine, pegaspargase, peldesine, peliomy-
cin, pentamustine, pentosan polysulfate sodium, pentostatin,
pentrozole, peplomycin sulfate, perflubron, perfosfamide,
perillyl alcohol, phenazinomycin, phenylacetate, phos-
phatase inhibitors, picibanil, pilocarpine hydrochloride,
pipobroman, piposulfan, pirarubicin, piritrexim, pirox-
antrone hydrochloride, placetin A, placetin B, plasminogen
activator inhibitor, platinum complex, platinum compounds,
platinum-triamine complex, plicamycin, plomestane, por-
fimer sodium, porfiromycin, prednimustine, procarbazine
hydrochloride, propyl bis-acridone, prostaglandin J2, pros-
tatic carcinoma antiandrogen, proteasome inhibitors, protein
A-based immune modulator, protein kinase C inhibitor, pro-
tein tyrosine phosphatase inhibitors, purine nucleoside phos-
phorylase inhibitors, puromycin, puromycin hydrochloride,
purpurins, pyrazorurin, pyrazoloacridine, pyridoxylated
hemoglobin polyoxyethylene conjugate, RAF antagonists,
raltitrexed, ramosetron, RAS farnesyl protein transferase
inhibitors, RAS inhibitors, RAS-GAP inhibitor, retelliptine
demethylated, rhenium RE 186 etidronate, rhizoxin, ribo-
prine, ribozymes, RH retinamide, RNAI, rogletimide, rohi-
tukine, romurtide, roquinimex, rubiginone Bl, ruboxyl, saf-
ingol, safingol hydrochloride, saintopin, sarcnu, sarcophytol
A, sargramostim, SDI1 mimetics, semustine, senescence
derived inhibitor 1, sense oligonucleotides, signal transduc-
tion inhibitors, signal transduction modulators, simtrazene,
single chain antigen binding protein, sizofuran, sobuzoxane,
sodium borocaptate, sodium phenylacetate, solverol,
somatomedin binding protein, sonermin, sparfosafe sodium,
sparfosic acid, sparsomycin, spicamycin D, spirogermanium
hydrochloride, spiromustine, spiroplatin, splenopentin,

10

15

20

25

30

35

40

45

50

55

60

65

22

spongistatin 1, squalamine, stem cell inhibitor, stem-cell divi-
sion inhibitors, stipiamide, streptonigrin, streptozocin,
stromelysin inhibitors, sulfinosine, sulofenur, superactive
vasoactive intestinal peptide antagonist, suradista, suramin,
swainsonine, synthetic glycosaminoglycans, talisomycin,
tallimustine, tamoxifen methiodide, tauromustine, tazaro-
tene, tecogalan sodium, tegafur, tellurapyrylium, telomerase
inhibitors, teloxantrone hydrochloride, temoporfin, temozo-
lomide, teniposide, teroxirone, testolactone, tetrachlorodeca-
oxide, tetrazomine, thaliblastine, thalidomide, thiamiprine,
thiocoraline, thioguanine, thiotepa, thrombopoietin, throm-
bopoietin mimetic, thymalfasin, thymopoietin receptor ago-
nist, thymotrinan, thyroid stimulating hormone, tiazofurin,
tin ethyl etiopurpurin, tirapazamine, titanocene dichloride,
topotecan hydrochloride, topsentin, toremifene, toremifene
citrate, totipotent stem cell factor, translation inhibitors, tre-
stolone acetate, tretinoin, triacetyluridine, triciribine, tricir-
ibine phosphate, trimetrexate, trimetrexate glucuronate, trip-
torelin, tropisetron, tubulozole hydrochloride, turosteride,
tyrosine kinase inhibitors, tyrphostins, UBC inhibitors, ube-
nimex, uracil mustard, uredepa, urogenital sinus-derived
growth inhibitory factor, urokinase receptor antagonists, vap-
reotide, variolin B, velaresol, veramine, verdins, verteporfin,
vinblastine sulfate, vincristine sulfate, vindesine, vindesine
sulfate, vinepidine sulfate, vinglycinate sulfate, vinleurosine
sulfate, vinorelbine, vinorelbine tartrate, vinrosidine sulfate,
vinxaltine, vinzolidine sulfate, vitaxin, vorozole, zanoterone,
zeniplatin, zilascorb, zinostatin, zinostatin stimalamer, or
zorubicin hydrochloride.

In another embodiment, the nanoparticles of the invention
can be used to treat vulnerable plaque in a subject in need
thereof. In particular, the drug associated with, i.e., encapsu-
lated within, the nanoparticle of the invention is a biologically
active agent used to stabilize a vulnerable plaque. Such agents
are described in U.S. Pat. No. 7,008,411, which is incorpo-
rated herein by reference in its entirety.

In another embodiment, the nanoparticles of the invention
can be used to treat restenosis or atherosclerosis in a subjectin
need thereof. Restenosis is the reobstruction of an artery
following interventional procedures such as balloon angio-
plasty or stenting.

In one embodiment, when the targeting moiety is a peptide
that targets tissue basement membrane (e.g., the basement
membrane of a blood vessel), such as CREKA (SEQ ID NO:
2), therapeutic or biologically active agents can be released by
the nanoparticles of the invention to induce therapeutic angio-
genesis, which refers to the processes of causing or inducing
angiogenesis and arteriogenesis, either downstream, or away
from the vulnerable plaque. Arteriogenesis is the enlargement
of pre-existing collateral vessels. Collateral vessels allow
blood to flow from a well-perfused region of the vessel into an
ischemic region (from above an occlusion to downstream
from the occlusion). Angiogenesis is the promotion or cau-
sation of the formation of new blood vessels downstream
from the ischemic region. Having more blood vessels (e.g.,
capillaries) below the occlusion may provide for less pressure
drop to perfuse areas with severe narrowing caused by a
thrombus. In the event that an occlusive thrombus occurs in a
vulnerable plaque, the myocardium perfused by the affected
artery is salvaged. Representative therapeutic or biologically
active agents include, but are not limited to, proteins such as
vascular endothelial growth factor (VEGF) in any of its mul-
tiple isoforms, fibroblast growth factors, monocyte
chemoatractant protein 1(MCP-1), transforming growth fac-
tor alpha (TGF-alpha), transforming growth factor beta
(TGF-beta) in any of its multiple isoforms, DEL-1, insulin
like growth factors (IGF), placental growth factor (PLGF),
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hepatocyte growth factor (HGF), prostaglandin E1(PG-E1),
prostaglandin E2(PG-E2), tumor necrosis factor alpha (TNF
alpha), granulocyte stimulating growth factor (G-CSF),
granulocyte macrophage colony-stimulating growth factor
(GM-CSF), angiogenin, follistatin, and proliferin, genes
encoding these proteins, cells transfected with these genes,
pro-angiogenic peptides such as PR39 and PR11, and pro-
angiogenic small molecules such as nicotine. The nanopar-
ticles of the invention may also include lipid lowering agents
(e.g., hydroxy-methylglutaryl coenzyme A (HMG CoA)
reductase inhibitors, statins, niacin, bile acid resins, and
fibrates), antioxidants (e.g., vitamin E (a-tocopherol), vita-
min C, and p-carotene supplements), extracellular matrix
synthesis promoters, inhibitors of plaque inflammation and
extracellular degradation, estradiol drug classes and its
derivatives.

In some cases, the interior of the particle is more hydro-
phobic than the surface of the particle. For instance, the
interior of the particle may be relatively hydrophobic with
respect to the surface of the particle, and a therapeutic agent
or drug may be hydrophobic, and readily associates with the
relatively hydrophobic center of the particle. The drug or
other payload may thus be contained within the interior of the
particle, which may thus shelter it from the external environ-
ment surrounding the particle (or vice versa). For instance, a
drug or other payload contained within a particle adminis-
tered to a subject will be protected from a subject’s body, and
the body will also be isolated from the drug. A targeting
moiety present on the surface of the particle may allow the
particle to become localized at a particular targeting site, for
instance, a tumor, a disease site, a tissue, an organ, a type of
cell, etc. The drug or other payload may then, in some cases,
be released from the particle and allowed to interact locally
with the particular targeting site.

Other therapeutic agents to be delivered in accordance with
the present invention include, but are not limited to, nucleic
acids (e.g., siRNA, RNAi, and mircoRNA agents), proteins
(e.g. antibodies), peptides, lipids, carbohydrates, hormones,
metals, radioactive elements and compounds, vaccines,
immunological agents, etc., and/or combinations thereof. In
some embodiments, the agent to be delivered is an agent
useful in the treatment of cancer (e.g., prostate cancer).
Targeting Moieties

In yet another set of embodiments a polymeric conjugate of
the present invention includes a targeting moiety, i.e., a moi-
ety able to bind to or otherwise associate with a biological
entity, for example, a membrane component, a cell surface
receptor, prostate specific membrane antigen, or the like. For
example, a targeting portion may cause the particles to
become localized to a tumor, a disease site, a tissue, an organ,
a type of cell, etc. within the body of a subject, depending on
the targeting moiety used. The term “bind” or “binding,” as
used herein, refers to the interaction between a corresponding
pair of molecules or portions thereof that exhibit mutual
affinity or binding capacity, typically due to specific or non-
specific binding or interaction, including, but not limited to,
biochemical, physiological, and/or chemical interactions.
“Biological binding” defines a type of interaction that occurs
between pairs of molecules including proteins, nucleic acids,
glycoproteins, carbohydrates, hormones, or the like. The term
“binding partner” refers to a molecule that can undergo bind-
ing with a particular molecule. “Specific binding” refers to
molecules, such as polynucleotides, that are able to bind to or
recognize a binding partner (or a limited number of binding
partners) to a substantially higher degree than to other, similar
biological entities. In one set of embodiments, the targeting
moiety has an affinity (as measured via a disassociation con-
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stant) of less than about 1 micromolar, at least about 10
micromolar, or at least about 100 micromolar.

The targeting moiety (e.g., an aptamer) can be covalently
bonded the polymeric matrix and/or the amphiphilic compo-
nent of the nanoparticle. In some embodiments, the targeting
moiety can be covalently associated with the surface of a
polymeric matrix (e.g., PEG). In some embodiments, cova-
lent association is mediated by a linker. In some embodi-
ments, the therapeutic agent can be associated with the sur-
face of, encapsulated within, surrounded by, and/or dispersed
throughout the polymeric matrix.

A targeting moiety may be a nucleic acid, polypeptide,
glycoprotein, carbohydrate, lipid, etc. For example, a target-
ing moiety can be a nucleic acid targeting moiety (e.g. an
aptamer) that binds to a cell type specific marker. In general,
an aptamer is an oligonucleotide (e.g., DNA, RNA, or an
analog or derivative thereof) that binds to a particular target,
such as a polypeptide. In some embodiments, a targeting
moiety may be a naturally occurring or synthetic ligand for a
cell surface receptor, e.g., a growth factor, hormone, LDL,
transferrin, etc. A targeting moiety can be an antibody, which
term is intended to include antibody fragments, characteristic
portions of antibodies, single chain targeting moieties can be
identified, e.g., using procedures such as phage display. This
widely used technique has been used to identify cell specific
ligands for a variety of different cell types.

In some embodiments, targeting moieties bind to an organ,
tissue, cell, extracellular matrix component, and/or intracel-
Iular compartment that is associated with a specific develop-
mental stage or a specific disease state. In some embodi-
ments, a target is an antigen on the surface of acell, such as a
cell surface receptor, an integrin, a transmembrane protein, an
ion channel, and/or a membrane transport protein. In some
embodiments, a target is an intracellular protein. In some
embodiments, a target is a soluble protein, such as immuno-
globulin. In certain specific embodiments, a target is a tumor
marker. In some embodiments, a tumor marker is an antigen
that is present in a tumor that is not present in normal tissue.
In some embodiments, a tumor marker is an antigen that is
more prevalent in a tumor than in normal tissue. In some
embodiments, a tumor marker is an antigen that is more
prevalent in malignant cancer cells than in normal cells.

In some embodiments, a target is preferentially expressed
in tumor tissues versus normal tissues. For example, when
compared with expression in normal tissues, expression of
prostate specific membrane antigen (PSMA) is at least
10-fold overexpressed in malignant prostate relative to nor-
mal tissue, and the level of PSMA expression is further up-
regulated as the disease progresses into metastatic phases
(Silver et al., 1997, Clin. Cancer Res., 3:81).

In some embodiments, inventive targeted particles com-
prise less than 50% by weight, less than 40% by weight, less
than 30% by weight, less than 20% by weight, less than 15%
by weight, less than 10% by weight, less than 5% by weight,
less than 1% by weight, or less than 0.5% by weight of the
targeting moiety.

In some embodiments, the targeting moieties are
covalently associated with the nanoparticle. In some embodi-
ments, covalent association is mediated by a linker.

Nucleic Acid Targeting Moieties

As used herein, a “nucleic acid targeting moiety” is a
nucleic acid that binds selectively to a target. In some embodi-
ments, a nucleic acid targeting moiety is a nucleic acid that is
associated with a particular organ, tissue, cell, extracellular
matrix component, and/or intracellular compartment. In gen-
eral, the targeting function of the aptamer is based on the
three-dimensional structure of the aptamer. In some embodi-
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ments, binding of an aptamer to a target is typically mediated
by the interaction between the two- and/or three-dimensional
structures of both the aptamer and the target. In some embodi-
ments, binding of an aptamer to a target is not solely based on
the primary sequence of the aptamer, but depends on the
three-dimensional structure(s) of the aptamer and/or target. In
some embodiments, aptamers bind to their targets via
complementary Watson-Crick base pairing which is inter-
rupted by structures (e.g. hairpin loops) that disrupt base
pairing.

One of ordinary skill in the art will recognize that any
aptamer that is capable of specifically binding to a target can
be used in accordance with the present invention. In some
embodiments, aptamers to be used in accordance with the
present invention may target cancer-associated targets. In
some embodiments, aptamers to be used in accordance with
the present invention may target tumor markers.

In certain embodiments, aptamers to be used in accordance
with the present invention may target prostate cancer associ-
ated antigens, such as PSMA. Exemplary PSMA-targeting
aptamers to be used in accordance with the present invention
include, but are not limited to, the A10 aptamer, having a
nucleotide sequence of 5-GGGAGGACGAUGCG-
GAUCAGCCAUGUUUACGUCACUCCUUGUCAAU
CCUCAUCGGCAGACGACUCGCCCGA-3' (SEQ ID NO:
5) (Lupold et al, 2002, Cancer Res, 62:4029), the A9
aptamer, having nucleotide sequence of 5'-GGGAGGAC-
GAUGCGGACCGAAAAAGACCUGACUUC-
UAUACUAAGUC UACGUUCCCAGACGACUCGC-
CCGA-3' (SEQ ID NO: 6) (Lupold et al, 2002, Cancer Res.,
62:4029; and Chu et at, 2006, Nuc. Acid Res., 34:€73), deriva-
tives thereof, and/or characteristic portions thereof.

In some embodiments, a nucleotide sequence that is
homologous to a nucleic acid targeting moiety may be used in
accordance with the present invention. In some embodiments,
a nucleotide sequence is considered to be “homologous”to a
nucleic acid targeting moiety if it comprises fewer than 30,
25,20,15,10,5,4, 3,2, or 1 nucleic acid substitutions relative
to the aptamer. In some embodiments, a nucleotide sequence
is considered to be “homologous” to a nucleic acid targeting
moiety if their sequences are at least 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 99% identical. In some embodiments, a nucleic acid
sequence is considered to be 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% similar.
Nucleic acids of the present invention (including nucleic acid
targeting moieties and/or functional RNAs to be delivered,
e.g., RNAI agents, ribozymes, tRNAs, etc., described in fur-
ther detail below) may be prepared according to any available
technique including, but not limited to, chemical synthesis,
enzymatic synthesis, enzymatic or chemical cleavage of a
longer precursor, etc. Methods of synthesizing RNAs are
known in the art (see, e.g., Gait, M.J. (ed.) Oligonucleotide
synthesis: a practical approach, Oxford [Oxfordshire],
Washington, D.C.: IRL Press, 1984; and Herdewijn, P. (ed.)
Oligonucleotide synthesis: methods and applications, Meth-
ods in molecular biology, v. 288 (Clifton, N.J.) Totowa, N.J.:
Humana Press, 2005).

The nucleic acid that forms the nucleic acid targeting moi-
ety may comprise naturally occurring nucleosides, modified
nucleosides, naturally occurring nucleosides with hydrocar-
bon linkers (e.g., an alkylene) or a polyether linker (e.g., a
PEG linker) inserted between one or more nucleosides, modi-
fied nucleosides with hydrocarbon or PEG linkers inserted
between one or more nucleosides, or a combination of
thereof. In some embodiments, nucleotides or modified
nucleotides of the nucleic acid targeting moiety can be
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replaced with a hydrocarbon linker or a polyether linker pro-
vided that the binding affinity and selectivity of the nucleic
acid targeting moiety is not substantially reduced by the sub-
stitution (e.g., the dissociation constant of the nucleic acid
targeting moiety for the target should not be greater than
about 1x107> M).

It will be appreciated by those of ordinary skill in the art
that nucleic acids in accordance with the present invention
may comprise nucleotides entirely of the types found in natu-
rally occurring nucleic acids, or may instead include one or
more nucleotide analogs or have a structure that otherwise
differs from that of a naturally occurring nucleic acid. U.S.
Pat. Nos. 6,403,779, 6,399,754; 6,225,460, 6,127,533, 6,031,
086; 6,005,087, 5,977,089, and references therein disclose a
wide variety of specific nucleotide analogs and modifications
that may be used. See Crooke, S. (ed.) Antisense Drug Tech-
nology: Principles, Strategies, and Applications (1% ed),
Marcel Dekker; ISBN: 0824705661; 1st edition (2001) and
references therein. For example, 2'-modifications include
halo, alkoxy and allyloxy groups. In some embodiments, the
2'-OH group is replaced by a group selected from H, OR, R,
halo, SH, NH,, NHR, NR, or CN, wherein R is C,-C; alkyl,
alkenyl, or alkynyl, and halo is F, Cl, Br or I. Examples of
modified linkages include phosphorothioate and 5'-N-phos-
phoramidite linkages.

Nucleic acids of the present invention may include natural
nucleosides (i.e., adenosine, thymidine, guanosine, cytidine,
uridine, deoxyadenosine, deoxythymidine, deoxyguanosine,
and deoxycytidine) or modified nucleosides. Examples of
modified nucleotides include base modified nucleoside (e.g.,
aracytidine, inosine, isoguanosine, nebularine, pseudouri-
dine, 2,6-diaminopurine, 2-aminopurine, 2-thiothymidine,
3-deaza-5-azacytidine, 2'-deoxyuridine, 3-nitorpyrrole,
4-methylindole, 4-thiouridine, 4-thiothymidine, 2-aminoad-
enosine, 2-thiothymidine, 2-thiouridine, 5-bromocytidine,
S-iodouridine, inosine, 6-azauridine, 6-chloropurine, 7-dea-
zaadenosine, 7-deazaguanosine, 8-azaadenosine, 8-azidoad-
enosine, benzimidazole, M1-methyladenosine, pyrrolo-pyri-
midine, 2-amino-6-chloropurine, 3-methyl adenosine,
S-propynylcytidine, S-propynyluridine, 5-bromouridine,
S5-fluorouridine, 5-methylcytidine, 7-deazaadenosine, 7-dea-
zaguanosine, 8-oxoadenosine, 8-oxoguanosine, 0(6)-meth-
ylguanine, and 2-thiocytidine), chemically or biologically
modified bases (e.g., methylated bases), modified sugars
(e.g., 2'-fluororibose, 2'-aminoribose, 2'-azidoribose, 2'-O-
methylribose, [-enantiomeric nucleosides arabinose, and
hexose), modified phosphate groups (e.g., phosphorothioates
and S'-N-phosphoramidite linkages), and combinations
thereof. Natural and modified nucleotide monomers for the
chemical synthesis of nucleic acids are readily available. In
some cases, nucleic acids comprising such modifications dis-
play improved properties relative to nucleic acids consisting
only of naturally occurring nucleotides. In some embodi-
ments, nucleic acid modifications described herein are uti-
lized to reduce and/or prevent digestion by nucleases (e.g.
exonucleases, endonucleases, etc.). For example, the struc-
ture of a nucleic acid may be stabilized by including nucle-
otide analogs at the 3' end of one or both strands order to
reduce digestion.

Modified nucleic acids need not be uniformly modified
along the entire length of the molecule. Different nucleotide
modifications and/or backbone structures may exist at various
positions in the nucleic acid. One of ordinary skill in the art
will appreciate that the nucleotide analogs or other modifica-
tion(s) may be located at any position(s) of a nucleic acid such
that the function of the nucleic acid is not substantially
affected. To give but one example, modifications may be
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located at any position of an aptamer such that the ability of
the aptamer to specifically bind to the aptamer target is not
substantially affected. The modified region may be at the
5'-end and/or the 3'-end of one or both strands. For example,
modified aptamers in which approximately 1-5 residues at the
5'and/or 3' end of either of employed. The modification may
be a 5' or 3' terminal modification. One or both nucleic acid
strands may comprise at least 50% unmodified nucleotides, at
least 80% unmodified nucleotides, at least 90% unmodified
nucleotides, or 100% unmodified nucleotides.

Nucleic acids in accordance with the present invention
may, for example, comprise a modification to a sugar, nucleo-
side, or internucleoside linkage such as those described in
U.S. Patent Publications 2003/0175950, 2004/0192626,
2004/0092470, 2005/0020525, and 2005/0032733. The
present invention encompasses the use of any nucleic acid
having any one or more of the modification described therein.
For example, a number of terminal conjugates, e.g., lipids
such as cholesterol, lithocholic acid, aluric acid, or long alkyl
branched chains have been reported to improve cellular
uptake. Analogs and modifications may be tested using, e.g.,
using any appropriate assay known in the art, for example, to
select those that result in improved delivery of a therapeutic
agent, improved specific binding of an aptamer to an aptamer
target, etc. In some embodiments, nucleic acids in accordance
with the present invention may comprise one or more non-
natural nucleoside linkages. In some embodiments, one or
more internal nucleotides at the 3'-end, 5'-end, or both 3'- and
5'-ends of the aptamer are inverted to yield a such as a 3'-3'
linkage or a 5'-5' linkage.

In some embodiments, nucleic acids in accordance with the
present invention are not synthetic, but are naturally-occur-
ring entities that have been isolated from their natural
inments.

Protein Targeting Moieties

In some embodiments, a targeting moiety in accordance
with the present invention may be a protein or peptide. In
certain embodiments, peptides range from about 5 to 100, 10
to 75, 15 to 50, or 20 to 25 amino acids in size. In some
embodiments, a peptide sequence a random arrangement of
amino acids. In a particular embodiment, the targeting pep-
tide to be used with the nanoparticles of the invention is less
than 8 amino acids in length.

The terms “polypeptide” and “peptide” are used inter-
changeably herein, with “peptide” typically referring to a
polypeptide having a length of less than about 100 amino
acids. Polypeptides may contain L-amino acids, D-amino
acids, or both and may contain any of a variety of amino acid
modifications or analogs known in the art. Useful modifica-
tions include, e.g., terminal acetylation, amidation, lipida-
tion, phosphorylation, glycosylation, acylation, farnesyla-
tion, sulfation, etc.

In another embodiment, the targeting moiety can be a tar-
geting peptide or targeting peptidomimetic has a length of at
most 50 residues. In a further embodiment, a nanopaticle of
the invention contains a targeting peptide or peptidomimetic
that includes the amino acid sequence AKERC (SEQ ID NO:
1), CREKA (SEQ ID NO: 2), ARYLQKLN (SEQ ID NO: 3)
or AXYLZZIN (SEQ ID NO: 4), wherein X and Z are vari-
able amino acids, or conservative variants or peptidomimetics
thereof. In particular embodiments, the targeting moiety is a
peptide that includes the amino acid sequence AKERC (SEQ
IDNO: 1), CREKA (SEQIDNO: 2), ARYLQKLN (SEQ ID
NO:3)orAXYLZZILN (SEQ ID NO: 4), wherein X and Z are
variable amino acids, and has a length of less than 20, 50 or
100 residues. The CREKA (SEQ ID NO: 2) peptide is known
in the art, and is described in U.S. Patent Application No.
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2005/0048063, which is incorporated herein by reference in
its entirety. The octapeptide AXYLZZLN (SEQ ID NO: 4) is
described in Dinkla et al., The Journal of Biological Chem-
istry, Vol. 282, No. 26, pp. 18686-18693, which is incorpo-
rated herein by reference in its entirety.

In one embodiment, the targeting moiety is an isolated
peptide or peptidomimetic that has a length of less than 100
residues and includes the amino acid sequence CREKA (Cys
Arg Glu Lys Ala) (SEQ ID NO: 2) or a peptidomimetic
thereof. Such an isolated peptide-or peptidomimetic can
have, for example, a length of less than 50 residues or a length
ofless than 20 residues. In particular embodiments, the inven-
tion provides a peptide that includes the amino acid sequence
CREKA (SEQ ID NO: 2) and has a length of less than 20, 50
or 100 residues.

Moreover, the authors of The Journal of Biological Chem-
istry, Vol. 282, No. 26, pp. 18686-18693 describe a binding
motif in streptococci that forms an autoantigenic complex
with human collagen IV. Accordingly, any peptide, or con-
servative variants or peptidomimetics thereof, that binds or
forms a complex with collagen IV, or the targets tissue base-
ment membrane (e.g., the basement membrane of a blood
vessel), can be used as a targeting moiety for the nanoparticles
of the invention.

Exemplary proteins that may be used as targeting moieties
in accordance with the present invention include, but are not
limited to, antibodies, receptors, cytokines, peptide hor-
mones, proteins derived from combinatorial libraries (e.g.
avimers, affibodies, etc.), and characteristic portions thereof.

In some embodiments, any protein targeting moiety can be
utilized in accordance with the present invention. To give but
a few examples, IL-2, transferrin, GM-CSF, a-CD25,
a-CD22, TGF-a, folic acid, a-CEA, a-EpCAM scFV, VEGF,
LHRH, bombesin, somatostin, Gal, a-GD2, a-EpCAM,
a-CD20, MOv19, scFv, a-Her-2, and a-CD64 can be used to
target a variety of cancers, such as lymphoma, glioma, leu-
kemia, brain tumors, melanoma, ovarian cancer, neuroblas-
toma, folate receptor-expressing tumors, CEA-expressing
tumors, EpCAM-expressing tumors, VEGF-expressing
tumors, etc. (Eklund et al, 2005, Expert Rev. Anticancer Ther.,
5:33; Kreitman et al., 2000, J. Clin. OncolL, 18:1622; Kreit-
man et al, 2001, N. Engl. J. Med, 345:241; Sampson et al.,
2003, J. Neurooncol, 65:27, Weaver et al., 2003, J. Neuroon-
col, 65:3; Leamon et al., 1993, J. Biol. Chem., 268:24847,
Leamon et al., 1994, J. Drug Target., 2:101; Atkinson et al.,
2001, J. Biol. Chem., 276:27930; Frankel et al., 2002, Clin.
Cancer Res., 8:1004; Francis et al, 2002, Br. J. Cancer,
87:600; de Graaf et al., 2002, Br. J. Cancer, 86:811; Spooner
et al., 2003, Br. J. Cancer, 88:1622; Liu et al, 1999, J. Drug
Target., 7:43; Robinson et al, 2004, Proc. Natl. Acad. Sci.,
US4, 101:14527; Sondel et al, 2003, Curr. Opin. Investig.
Drugs, 4:696; Connor et al., 2004, J. Immunother., 27:211;
Gillies et al, 2005, Blood, 105:3972; Melani et al, 1998,
Cancer Res., 58:4146; Metelitsa et al, 2002, Blood, 99:4166;
Lyu et al, 2005, Mol Cancer Ther., 4:1205; and Hotter et al,
2001, Blood, 97:3138).

In some embodiments, protein targeting moieties can be
peptides. One of ordinary skill in the art will appreciate that
any peptide that specifically binds to a desired target can be
used in accordance with the present invention. In some
embodiments, peptides targeting tumor vasculature are
antagonists or inhibitors of angiogenic proteins that include
VEGFR (Binetruy-Tournaire et al, 2000, EMBO I, 19:1525),
CD36(Reiher et al, 2002, Int. J Cancer, 98:682) and Kumar et
al, 2001, Cancer Res., 61:2232) aminopeptidase N (Pas-
qualini et al, 2000, Cancer Res., 60:722), and matrix metal-
loproteinases (Koivunen et al., 1999, Nat. Biotechnol,
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17:768). For instance, ATWLPPR (SEQ ID NO: 7) peptide is
apotent antagonist of VEGF (Binetruy-Tournaire et al, 2000,
EMBO J., 19:1525); thrombospondin-1(TSP-1) mimetics
can induce apoptosis in endothelial cells (Reiher et al , 2002,
Int. J Cancer, 98:682); ROD-motif mimics (e.g. cyclic peptide
ACDCRGDCFCG (SEQ ID NO: 8) and ROD peptidomi-
metic SCH 221153) block integrin receptors (Koivunen et al,
1995, Biotechnology (NY), 13:265; and Kumar et al, 2001,
Cancer Res., 61:2232); NOR-containing peptides (e.g. cyclic
CNGRC (SEQ ID NO: 8)) inhibit aminopeptidase N (Pas-
qualini et al, 2000, Cancer Res., 60:722); and cyclic peptides
containing the sequence of HWGF (SEQ ID NO: 9) (e.g.
CTTHWGFTLC (SEQ ID NO: 10)) selectively inhibit
MMP-2 and MMP-9(Koivunen et al., 1999, Nat. Biotechnol.,
17:768); and a LyP-1 peptide has been identified
(CGNKRTRGC (SEQ ID NO: 11)) which specifically binds
to tumor lymphatic vessels and induces apoptosis of endot-
helial cells (Laakkonen et al, 2004, Proc. Nail Acad. Sci.,
US4, 101:9381).

In some embodiments, peptide targeting moieties include
peptide analogs that block binding of peptide hormones to
receptors expressed in human cancers (Baueretal., 1982, Life
Sci., 31:1133). Exemplary hormone receptors (Reubi et al,
2003, Endocr. Rev., 24:389) include (1) somatostatin recep-
tors (e.g. octreotide, vapreotide, and lanretode) (Froidevaux
et al, 2002, Biopolymers, 66:161); (2) bombesin/gastrin-re-
leasing peptide (GRP) receptor (e.g. RC-3940 series) (Ka-
nashiro et al, 2003, Proc. Natl. Acad. Sci., USA4, 100:15836);
and (3) LHRH receptor (e.g. Decapeptyf, Lupron®, Zola-
dex®, and Cetrorelix®) (Schally et al., 2000, Prostate,
45:158).

In some embodiments, peptides that recognize IL-11
receptor-a can be used to target cells associated with prostate
cancer tumors (see, e.g., U.S. Patent Publication 2005/
0191294).

In some embodiments, a targeting moiety may be an anti-
body and/or characteristic portion thereof. The term “anti-
body” refers to any immunoglobulin, whether natural or
wholly or partially synthetically produced and to derivatives
thereof and characteristic portions thereof. An antibody may
be monoclonal or polyclonal. An antibody may be a member
of any immunoglobulin class, including any of the human
classes: IgG, IgM, IgA, IgD, and IgE. One of ordinary skill in
the art will appreciate that any antibody that specifically binds
to a desired target can be used in accordance with the present
invention.

In some embodiments, antibodies that recognize PSMA
can be used to target cells associated with prostate cancer
tumors. Such antibodies include, but are not limited to, scFv
antibodies A5, GO, G1, G2, and G4 and mAbs 3/B7, 3/F11,
3/A12, K7, K12, and D20 (Elsasser-Beile et al, 2006, Pros-
tate, 66:1359); mAbs E99, J591, 1533, and J415 (Liu et al,
1997, Cancer Res., 57:3629; Liu et al, 1998, Cancer Res.,
58:4055; Fracasso et al., 2002, Prostate, 53:9; McDevitt et al,
2000, Cancer Res., 60:6095; McDevitt et al., 2001, Science,
294:1537; Smith-Jones et al, 2000, Cancer Res., 60:5237,
Vallabhajosula of al., 2004, Prostate, 58:145; Bander er a/.,
2003, J. C/ro/., 170:1717; Patri et al., 2004, Bioconj. Chem.,
15:1174; and U.S. Pat. No. 7,163,680); mAb 7E11-05.3
(Horoszewicz et al., 1987, Anticancer Res., 7:927); antibody
7E11 (Horoszewicz et al, 1987, Anticancer Res., 7:927; and
U.S. Pat. No. 5,162,504); and antibodies described in Chang
et al, 1999, Cancer Res., 59:3192; Murphy et al., 1998, J.
Urol, 160:2396; Grauer et al, 1998, Cancer Res., 58:4787,
and Wang era/., 2001, M J. Cancer, 92:871. One of ordinary
skill in the art will appreciate that any antibody that recog-
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nizes and/or specifically binds to PSMA may be used in
accordance with the present invention.

In some embodiments, antibodies which recognize other
prostate tumor-associated antigens are known in the art and
can be used in accordance with the present invention to target
cells associated with prostate cancer tumors (see, e.g., Vihko
etal, 1985, Biotechnology in Diagnostics, 131; Babaian et al,
1987, J. Urol, 137:439; Leroy et al., 1989, Cancer, 64:1;
Meyers et al, 1989, Prostate, 14:209; and U.S. Pat. Nos.
4,970,299, 4,902,615, 4,446,122 and Re 33,405; 4,862,851,
5,055,404). To give but a few examples, antibodies have been
identified which recognize transmembrane protein 24P4C12
(U.S. Patent Publication 2005/0019870); calveolin (U.S.
Patent Publications 2003/0003103 and 2001/0012890); L6
(U.S. Patent Publication 2004/0156846); prostate specific
reductase polypeptide (U.S. Pat. No. 5,786,204; and U.S.
Patent Publication 2002/0150578); and prostate stem cell
antigen (U.S. Patent Publication 2006/0269557).

In some embodiments, protein targeting moieties that may
be used to target cells associated with prostate cancer tumors
include conformationally constricted dipeptide mimetics
(Ding et al, 2004, Org. Lett., 6:1805).

As used herein, an antibody fragment (i.e., characteristic
portion of an antibody ) refers to any derivative of an antibody
which is less than full-length. In general, an antibody frag-
ment retains at least a significant portion of the full-length
antibody’s specific binding ability. Examples of antibody
fragments include, but are not limited to, Fab, Fab", F(ab'),,
scFv, Fv, dsFv diabody, and Fd fragments.

An antibody fragment can be produced by any means. For
example, an antibody fragment may be enzymatically or
chemically produced by fragmentation of an intact antibody
and/or it may be recombinantly produced from a gene encod-
ing the partial antibody sequence. Alternatively or addition-
ally, an antibody fragment may be wholly or partially syn-
thetically produced. An antibody fragment may optionally
comprise a single chain antibody fragment. Alternatively or
additionally, an antibody fragment may comprise multiple
chains that are linked together, for example, by disulfide
linkages. An antibody fragment may optionally comprise a
multimolecular complex. A functional antibody fragment
will typically comprise at least about 50 amino acids and
more typically will comprise at least about 200 amino acids.
In some embodiments, antibodies may include chimeric (e.g.,
“humanized”) and single chain (recombinant) antibodies. In
some embodiments, antibodies may have reduced effector
functions and/or bispecific molecules. In some embodiments,
antibodies may include fragments produced by a Fab expres-
sion library.

Single-chain Fvs (scFvs) are recombinant antibody frag-
ments consisting of only the variable light chain (VL) and
variable heavy chain (VH) covalently connected to one
another by a polypeptide linker. Either VL. or VH may com-
prise the NH2-terminal domain. The polypeptide linker may
be of variable length and composition so long as the two
variable domains are bridged without significant steric inter-
ference. Typically, linkers primarily comprise stretches of
glycine and serine residues with some glutamic acid or lysine
residues interspersed for solubility.

Diabodies are dimeric scFvs. Diabodies typically have
shorter peptide linkers than most scFvs, and they often show
a preference for associating as dimers.

An Fv fragment is an antibody fragment which consists of
one VH and one VL domain held together by noncovalent
interactions. The term “dsFv” as used herein refers to an Fv
with an engineered intermolecular disulfide bond to stabilize
the VH-VL pair.
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A Fab' fragment is an antibody fragment essentially
equivalent to that obtained by reduction of the disulfide
bridge or bridges joining the two heavy chain pieces in the
F(ab"), fragment. The Fab' fragment may be recombinantly
produced.

A Fab fragment is an antibody fragment essentially equiva-
lent to that obtained by digestion of immunoglobulins with an
enzyme (e.g. papain). The Fab fragment may be recombi-
nantly produced. The heavy chain segment of the Fab frag-
ment is the Fd piece.

Carbohydrate Targeting Moieties

In some embodiments, a targeting moiety in accordance
with the present invention may comprise a carbohydrate. To
give but one example, lactose and/or galactose can be used for
targeting hepatocytes.

In some embodiments, a carbohydrate may be a polysac-
charide comprising simple sugars (or their derivatives) con-
nected by glycosidic bonds, as known in the art. Such sugars
may include, but are not limited to, glucose, fructose, galac-
tose, ribose, lactose, sucrose, maltose, trehalose, cellbiose,
mannose, xylose, arabinose, glucdronic acid, galactoronic
acid, mannuronic acid, glucosamine, galatosatnine, and
neuramic acid. In some embodiments, a carbohydrate may be
one or more of pullulan, cellulose, microcrystalline cellulose,
hydroxypropyl methylcellulose, hydroxycellulose, methyl-
cellulose, dextran, cyclodextran, glycogen, starch, hydroxy-
ethylstarch, carageenan, glycon, amylose, chitosan, algin and
alginic acid, starch, chitin, heparin, konjac, glucommannan,
pustulan, heparin, hyaluronic acid, curdlan, and xanthan.

In some embodiments, the carbohydrate may be aminated,
carboxylated, and/or sulfated. In some embodiments, hydro-
pbilic polysaccharides can be modified to become hydropho-
bic by introducing a large number of side-chain hydrophobic
groups. In some embodiments, a hydrophobic carbohydrate
may include cellulose acetate, pullulan acetate, konjac
acetate, amylose acetate, and dextran acetate.

Lipid Targeting Moieties

In some embodiments, a targeting moiety in accordance
with the present invention may comprise one or more fatty
acid groups or salts thereof. In some embodiments, a fatty
acid group may comprise digestible, long chain (e.g.,
C,4-Cs), substituted or unsubstituted hydrocarbons. In some
embodiments, a fatty acid group may be a C,,-C,,, fatty acid
or salt thereof. In some embodiments, a fatty acid group may
be a C, 5-C,, fatty acid or salt thereof. In some embodiments,
a fatty acid group may be unsaturated. In some embodiments,
a fatty acid group may be monounsaturated. In some embodi-
ments, a fatty acid group may be polyunsaturated. In some
embodiments, a double bond of an unsaturated fatty acid
group may be in the cis conformation. In some embodiments,
a double bond of an unsaturated fatty acid may be in the trans
conformation.

In some embodiments, a fatty acid group may be one or
more of butyric, caproic, caprylic, capric, lauric, myristic,
palmitic, stearic, arachidic, behenic, or lignoceric acid. In
some embodiments, a fatty acid group may be one or more of
palmitoleic, oleic, vaccenic, linoleic, alpha-linoleic, gamma-
linoleic, arachidonic, gadoleic, arachidonic, eicosapen-
taenoic, docosahexaenoic, or erucic acid.

The targeting moiety can be conjugated to the polymeric
matrix or amphiphilic component using any suitable conju-
gation technique. For instance, two polymers such as a tar-
geting moiety and a biocompatible polymer, a biocompatible
polymer and a poly(ethylene glycol), etc., may be conjugated
together using techniques such as EDC-NHS chemistry
(1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride and N-hydroxysuccinimide) or a reaction involving

10

15

20

25

30

35

40

45

50

55

60

65

32

a maleimide or a carboxylic acid, which can be conjugated to
one end of a thiol, an amine, or a similarly functionalized
polyether. The conjugation of such polymers, for instance, the
conjugation of a poly(ester) and a poly(ether) to form a poly
(ester-ether), can be performed in an organic solvent, such as,
but not limited to, dichloromethane, acetonitrile, chloroform,
dimethylformamide, tetrahydrofuran, acetone, or the like.
Specific reaction conditions can be determined by those of
ordinary skill in the art using no more than routine experi-
mentation.

In another set of embodiments, a conjugation reaction may
be performed by reacting a polymer that comprises a car-
boxylic acid functional group (e.g., a poly(ester-ether) com-
pound) with a polymer or other moiety (such as a targeting
moiety) comprising an amine. For instance, a targeting moi-
ety, such as an aptamer or peptide, may be reacted with an
amine to form an amine-containing moiety, which can then be
conjugated to the carboxylic acid of the polymer. Such a
reaction may occur as a single-step reaction, i.e., the conju-
gation is performed without using intermediates such as
N-hydroxysuccinimide or a maleimide. The conjugation
reaction between the amine-containing moiety and the car-
boxylic acid-terminated polymer (such as a poly(ester-ether)
compound) may be achieved, in one set of embodiments, by
adding the amine-containing moiety, solubilized in an
organic solvent such as (but not limited to) dichloromethane,
acetonitrile, chloroform, tetrahydrofuran, acetone, forma-
mide, dimethylformamide, pyridines, dioxane, or dimethys-
ulfoxide, to a solution containing the carboxylic acid-termi-
nated polymer. The carboxylic acid-terminated polymer may
be contained within an organic solvent such as, but not limited
to, dichloromethane, acetonitrile, chloroform, dimethylfor-
mamide, tetrahydrofuran, or acetone. Reaction between the
amine-containing moiety and the carboxylic acid-terminated
polymer may occur spontaneously, in some cases. Unconju-
gated reactants may be washed away after such reactions, and
the polymer may be precipitated in solvents such as, for
instance, ethyl ether, hexane, methanol, or ethanol.
Preparation of Amphiphilic Layer-Protected Polymeric
Nanoparticles

Another aspect of the invention is directed to systems and
methods of producing such amphiphilic layer-protected poly-
meric nanoparticles. In some embodiments, a solution con-
taining a polymer is contacted with a liquid, such as an immis-
cible liquid, to form nanoparticles containing the polymeric
conjugate.

As discussed, one aspect of the invention is directed to a
method of developing nanoparticles with desired properties,
such as desired chemical, biological, or physical properties.
In one set of embodiments, the method includes producing
libraries of nanoparticles having highly controlled properties,
which can be formed by mixing together two or more poly-
mers, as well as an amphiphilic component (e.g., lecithin) in
different ratios. By mixing together two or more different
polymers (e.g., homopolymers or copolymers) and an
amphiphilic component in different ratios and producing par-
ticles from these components, particles having highly con-
trolled properties may be formed. For example, one polymer
(e.g., PEG) may include a targeting moiety (e.g., aptamer),
while another polymer (e.g., PLGA) may be chosen for its
biocompatibility and/or its ability to control immunogenicity
of the resultant particle. These polymers can be combined
with an amphiphilic component (e.g., lecithin) at a particular
ratio to produce a nanoparticle with desired physical proper-
ties (e.g., drug release, size and zeta potential). For example,
as described herein, by increasing the amount of amphiphilic
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component (e.g., lecithin) to polymeric component, nanopar-
ticle size increases and zeta potential decreases.

In a certain embodiment, the nanoparticles of the invention
can be prepared by dissolving the components of the nano-
particles (i.e., one or more polymers, an amphiphilic compo-
nent, and a therapeutic agent), individually or combined, in
one or more solvents to form one or more solutions. For
example, a first solution comprising one or more of the com-
ponents may be poured into a second solution comprising one
or more of the components (at a suitable rate or speed). In
some cases, nanoparticles can be formed as the first solution
contacts the second solution, e.g., precipitation of the poly-
mer upon contact causes the polymer to form nanoparticles.
The control of such particle formation can be readily opti-
mized by one of ordinary skill in the art using only routine
experimentation.

In one set of embodiments, the nanoparticles are formed by
providing one or more solutions comprising one or more
polymers and amphiphilic components, and contacting the
solutions with certain solvents to produce the particle. In a
non-limiting example, a first polymer (e.g., a stealth polymer,
e.g., PEG), is conjugated to a targeting moiety (e.g., an
aptamer) to form a conjugate. The polymer of the conjugate is
optionally conjugated to a lipid (e.g., DSPE) that can be used
for self assembly with a second polymer. This polymer-tar-
geting moiety conjugate (or polymer-targeting moiety-lipid
conjugate) is added, in a water miscible solvent, to an
amphiphilic component (e.g., lecithin). Separately, a second
polymer (e.g., a biodegradable polymer, e.g., PLGA) and a
therapeutic agent are dissolved in a partially water miscible
organic solvent. The water miscible organic solvent and par-
tially water miscible organic solvent solutions are then com-
bined, forming the amphiphilic layer-protected polymeric
nanoparticles of the invention. Once the solutions are com-
bined, the formed nanoparticles can be exposed to further
processing techniques to remove the solvents or purify the
nanoparticles. Such further processing steps include, but are
not limited to, dialyzation. For purposes of the aforemen-
tioned process, water miscible solvents include, but are not
limited to, acetone, ethanol, methanol, and isopropyl alcohol;
and partially water miscible organic solvents include, but are
not limited to, acetonitrile, tetrahydrouran, ethyl acetate, iso-
propyl alcohol, isopropyl acetate or dimethylformamide.

Yet another aspect of the invention is directed to polymer
particles having more than one polymer or macromolecule
present, and libraries involving such polymers or macromol-
ecules. For example, in one set of embodiments, the poly-
meric matrix of the amphiphilic layer-protected nanoparticles
may contain more than one distinguishable polymer (e.g.,
multiple homopolymers, copolymers, e.g., block copoly-
mers), and the ratios of the two (or more) polymers may be
independently controlled, which allows for the control of
properties of the particle. For instance, a first polymer may be
a polymeric conjugate comprising a targeting moiety and a
biocompatible portion, and a second polymer may comprise a
biocompatible portion but not contain the targeting moiety, or
the second polymer may contain a distinguishable biocom-
patible portion from the first polymer. Control of the amounts
of these polymers within the polymeric particle, as well as
control of the amount of amphiphilic component, e.g., leci-
thin, with respect to the amount of polymer(s), may thus be
used to control various physical, biological, or chemical prop-
erties of the particle, for instance, the size of the particle (e.g.,
by varying the molecular weights of one or both polymers),
the surface charge (e.g., by controlling the ratios of the poly-
mers if the polymers have different charges or terminal
groups), the surface hydrophilicity (e.g., if the polymers have
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different molecular weights and/or hydrophilicities), the sur-
face density of the targeting moiety (e.g., by controlling the
ratios of the two or more polymers), etc.

Libraries of such particles may also be formed. For
example, by varying the ratios of the amphiphilic component
(e.g., lecithin) to the polymer component (e.g., PEG and/or
PLGA), libraries of particles may be formed, which may be
useful, for example, for screening tests, high-throughput
assays, or the like. Entities within the library may vary by
properties such as those described above, and in some cases,
more than one property of the particles may be varied within
the library. Accordingly, one embodiment of the invention is
directed to a library of nanoparticles having different ratios of
polymers with differing properties. The library may include
any suitable ratio(s) of the polymers to the amphiphilic com-
ponent. For example, in a particle having a polymer and an
amphiphilic component, the polymer and amphiphilic com-
ponent can present in a ratio of about 0.2:0.8, about 0.3:0.7,
about 0.4:0.6, and about 1:1.

Insome cases, a population of particles may be present. For
example, a population of particles may include at least 20
particles, at least 50 particles, at least 100 particles, at least
300 particles, at least 1,000 particles, at least 3,000 particles,
or at least 10,000 particles. Various embodiments of the
present invention are directed to such populations of particles.
Forinstance, in some embodiments, the particles may each be
substantially the same shape and/or size (“monodisperse™).
For example, the particles may have a distribution of charac-
teristic dimensions such that no more than about 5% or about
10% of the particles have a characteristic dimension greater
than about 10% greater than the average characteristic dimen-
sion of the particles, and in some cases, such that no more than
about 8%, about 5%, about 3%, about 1%, about 0.3%, about
0.1%, about 0.03%, or about 0.01% have a characteristic
dimension greater than about 10% greater man the average
characteristic dimension of the particles. In some cases, no
more than about 5% of the particles have a characteristic
dimension greater than about 5%, about 3%, about 1%, about
0.3%, about 0.1%, about 0.03%, or about 0.01% greater than
the average characteristic dimension of the particles.

By creating a library of such particles, particles having any
desirable properties may be identified. For example, proper-
ties such as surface functionality, surface charge, size, zeta (C)
potential, hydrophobicity, ability to control immunogenicity,
and the like, may be highly controlled. For instance, a library
of particles may be synthesized, and screened to identify the
particles having a particular ratio of polymers that allows the
particles to have a specific density of targeting moieties
present on the surface of the particle. This allows particles
having one or more specific properties to be prepared, for
example, a specific size and a specific surface density of
moieties, without an undue degree of effort. Accordingly,
certain embodiments of the invention are directed to screen-
ing techniques using such libraries, as well as any particles
identified using such libraries. In addition, identification may
occur by any suitable method. For instance, the identification
may be direct or indirect, or proceed quantitatively or quali-
tatively.

More generally, the polymers chosen to be used to create
the library of particles may be any of a wide variety of poly-
mers, such as described in detail below. Generally, two, three,
four, or more polymers are mixed, in a wide range of ratios
(e.g., each ranging from 0% to 100%), to form particles such
as nanoparticles having different ratios of each of the poly-
mers. The two or more polymers may be distinguishable in
some fashion, e.g., having different polymeric groups, having
the same polymeric groups but with different molecular
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weights, having some polymeric groups in common but hav-
ing others that are different (e.g., one may have a polymeric
group that the other does not have), having the same poly-
meric groups but in different orders, etc. The library of par-
ticles may have any number of members, for example, the
library may have 2, 3, 5, 10, 30, 100, 300, 1000, 3000, 10,000,
30,000, 100,000, etc. members, which can be identified in
some fashion. In some cases, the library may exist contem-
poraneously; for example, the library may be contained in one
or more microtiter plates, vials, etc., or in some embodiments,
the library may have include members created at different
times.

The library of particles can then be screened in some fash-
ion to identify those particles having one or more desired
properties, for example, surface functionality, surface charge,
size, zeta (C) potential, hydrophobicity, ability to control
immunogenicity, and the like. One or more of the polymers
can be chosen to be biocompatible or biodegradable, and one
or more of the polymers can be chosen to reduce immunoge-
nicity. The nanoparticles within the library can comprise
some or all of these polymers, in any suitable combination
(including, but not limited to, combinations in which a first
polymer comprises a targeting moiety and a second polymer
does not contain any of these species).

The nanoparticles of the library can be comprised of a first
biocompatible hydrophobic polymer, a biocompatible hydro-
philic polymer, a targeting moiety (e.g., an aptamer), a lipid
for self assembly of the two polymers, and an amphiphilc
component. The targeting moiety can be covalently bonded to
some or all of the hydrophilic polymer, such that the resulting
nanoparticle is partially or completely surrounded by target-
ing moieties covalently bound to its surface. Nanoparticles
with varying densities of targeting moieties can be achieved
by altering the ratio of targeting moiety functionalized to
non-functionalized hydrophilic polymer. As the amount of
the functionalized hydrophilic polymer is increased, relative
to the non-functionalized polymer, the amount of targeting
moiety (e.g., an aptamer) present on the surface of the nano-
particle can be increased. Thus, any suitable concentration of
moiety on the surface may be achieved simply by controlling
the ratio of functionalized and non-functionalized polymers
in the particles. Accordingly, such a library of particles may
be useful in selecting or identifying particles having a par-
ticular functionality. The nanoparticle will also have a con-
tinuous or discontinuous amphiphilic layer (e.g., lecithin)
surrounding or dispersed throughout the polymeric matrix.

FIG. 2 shows a schematic illustration of an example of a
synthesis procedure of an amphiphilic layer-protected poly-
meric nanoparticle of the invention.

Methods of Treatment

In some embodiments, targeted particles in accordance
with the present invention may be used to treat, alleviate,
ameliorate, relieve, delay onset of, inhibit progression of,
reduce severity of, and/or reduce incidence of one or more
symptoms or features of a disease, disorder, and/or condition.
In some embodiments, the targeted nanoparticles of the
invention can be used to treat cancer, e.g., prostate or breast
cancer, and/or cancer cells, e.g., prostate or breast cancer cells
in a subject in need thereof. In other embodiments, the tar-
geted nanoparticles of the invention can be used to treat
atherosclerotic plaques, restenosis, and atherosclerosis in a
subject in need thereof.

The term “subject” is intended to include organisms, e.g.,
prokaryotes and eukaryotes, which are capable of suffering
from or afflicted with a disease or disorder. Examples of
subjects include mammals, e.g., humans, dogs, cows, horses,
pigs, sheep, goats, cats, mice, rabbits, rats, and transgenic
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non-human animals. In certain embodiments, the subject is a
human, e.g., a human suffering from, at risk of suffering from,
or potentially capable of suffering from a disease or disorder.

The term “cancer” includes pre-malignant as well as
malignant cancers. Cancers include, but are not limited to,
prostate, gastric cancer, colorectal cancer, skin cancer, e.g.,
melanomas or basal cell carcinomas, lung cancer, cancers of
the head and neck, bronchus cancer, pancreatic cancer, uri-
nary bladder cancer, brain or central nervous system cancer,
peripheral nervous system cancer, esophageal cancer, cancer
of the oral cavity or pharynx, liver cancer, kidney cancer,
testicular cancer, biliary tract cancer, small bowel or appendix
cancer, salivary gland cancer, thyroid gland cancer, adrenal
gland cancer, osteosarcoma, chondrosarcoma, cancer of
hematological tissues, and the like. “Cancer cells” can be in
the form of a tumor, exist alone within a subject (e.g., leuke-
mia cells), or be cell lines derived from a cancer.

Cancer can be associated with a variety of physical symp-
toms. Symptoms of cancer generally depend on the type and
location of the tumor. For example, lung cancer can cause
coughing, shortness of breath, and chest pain, while colon
cancer often causes diarrhea, constipation, and blood in the
stool. However, to give but a few examples, the following
symptoms are often generally associated with many cancers:
fever, chills, night sweats, cough, dyspnea, weight loss, loss
of appetite, anorexia, nausea, vomiting, diarrhea, anemia,
jaundice, hepatomegaly, hemoptysis, fatigue, malaise, cogni-
tive dysfunction, depression, hormonal disturbances, neutro-
penia, pain, non-healing sores, enlarged lymph nodes, periph-
eral neuropathy, and sexual dysfunction.

In one aspect of the invention, a method for the treatment of
cancer (e.g. breast or prostate cancer) is provided. In some
embodiments, the treatment of cancer comprises administer-
ing a therapeutically effective amount of inventive targeted
particles to a subject in need thereof, in such amounts and for
such time as is necessary to achieve the desired result. In
certain embodiments of the present invention a “therapeuti-
cally effective amount” of an inventive targeted particle is that
amount effective for treating, alleviating, ameliorating,
relieving, delaying onset of, inhibiting progression of, reduc-
ing severity of, and/or reducing incidence of one or more
symptoms or features of cancer.

In one aspect of the invention, a method for administering
inventive compositions to a subject suffering from cancer
(e.g. breast or prostate cancer) is provided. In some embodi-
ments, particles to a subject in such amounts and for such time
as is necessary to achieve the desired result (i.e., treatment of
cancer). In certain embodiments of the present invention a
“therapeutically effective amount” of an inventive targeted
particle is that amount effective for treating, alleviating, ame-
liorating, relieving, delaying onset of, inhibiting progression
of, reducing severity of, and/or reducing incidence of one or
more symptoms or features of cancer.

In other embodiments, the nanoparticles of the present
invention can be used to inhibit the growth of cancer cells,
e.g., prostate or breast cancer cells. As used herein, the term
“inhibits growth of cancer cells” or “inhibiting growth of
cancer cells” refers to any slowing of the rate of cancer cell
proliferation and/or migration, arrest of cancer cell prolifera-
tion and/or migration, or killing of cancer cells, such that the
rate of cancer cell growth is reduced in comparison with the
observed or predicted rate of growth of an untreated control
cancer cell. The term “inhibits growth™ can also refer to a
reduction in size or disappearance of a cancer cell or tumor, as
well as to a reduction in its metastatic potential. Preferably,
such an inhibition at the cellular level may reduce the size,
deter the growth, reduce the aggressiveness, or prevent or
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inhibit metastasis of a cancer in a patient. Those skilled in the
art can readily determine, by any of a variety of suitable
indicia, whether cancer cell growth is inhibited.

Inhibition of cancer cell growth may be evidenced, for
example, by arrest of cancer cells in a particular phase of the
cell cycle, e.g., arrest at the G2/M phase of the cell cycle.
Inhibition of cancer cell growth can also be evidenced by
direct or indirect measurement of cancer cell or tumor size. In
human cancer patients, such measurements generally are
made using well known imaging methods such as magnetic
resonance imaging, computerized axial tomography and
X-rays. Cancer cell growth can also be determined indirectly,
such as by determining the levels of circulating carcinoem-
bryonic antigen, prostate specific antigen or other cancer-
specific antigens that are correlated with cancer cell growth.
Inhibition of cancer growth is also generally correlated with
prolonged survival and/or increased health and well-being of
the subject.

The present invention is also directed, in part, to the dis-
covery that a collagen IV alpha-2 chain related polypeptide
can act as a receptor for the CREKA (SEC) ID NO: 2) tumor
targeting peptide. Collagens are a major component of the
extracellular matrix (ECM), an interconnected molecular net-
work providing mechanical support for cells and tissues and
regulating biochemical and cellular processes such as adhe-
sion, migration, gene expression and differentiation (see, e.g.,
U.S. Patent Application No. 2005/0048063, which is incor-
porated herein by reference in its entirety). In higher animals,
at least 19 distinct collagen types differing in their higher
order structures and functions have been identified based on
the presence of the characteristic collagen triple-helix struc-
ture. The collagens are sometimes categorized into the fibril-
lar and nonfibrillar collagens. The fibrillar (interstitial) col-
lagens include types 1, II, 111, V and X1, while the nonfibrillar
collagens include types IV, VI, IX, X, X1, XII, XIV and XIII.

Targeting moiteties useful in the invention include those
which selectively target tumor vasculature and selectively
bind non-helical collagen. Targeting moiteties include those
which selectively target to tumor vasculature and selectively
bind collagen IV, and those which selectively target tumor
vasculature and selectively bind denatured collagen IV in
preference to native collagen IV. Such moieties include, but
are not limited to, AKERC (SEQ ID NO: 1), CREKA (SEQ
ID NO: 2), ARYLQKLN (SEQ ID NO: 3) or AXYLZZLN
(SEQ ID NO: 4), wherein X and Z are variable amino acids.
As such, the nanoparticles of the invention can be used for the
treatment of cardiovascular related conditions, such as rest-
enosis, vulnerable plaques and atherosclerosis in a subject in
need thereof.

In a preferred embodiment, the nanoparticles of the inven-
tion can be delivered to or near a vulnerable plaque, particu-
larly when the targeting moiety is a peptide that targets the
tissue basement membrane (e.g., the basement membrane of
a blood vessel) (e.g.,, CREKA (SEQ ID NO: 2)), using a
medical device such as a needle catheter, drug eluding stent or
stent graft. Such devices are well known in the art, and are
described, for example, in U.S. Pat. No. 7,008,411, which is
incorporated herein by reference in its entirety. In one
embodiment, a drug eluting stent and/or needle catheter may
be implanted at the region of vessel occlusion that may be
upstream from a vulnerable plaque region. A medical device,
such as a drug eluting stent, needle catheter, or stent graft may
be used to treat the occlusive atherosclerosis (i.e., non-vul-
nerable plaque) while releasing the nanoparticle of the inven-
tion to treat a vulnerable plaque region distal or downstream
to the occlusive plaque. The nanoparticle may be released
slowly over time.
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The nanoparticles of the invention can also be delivered to
a subject in need thereof using the Genie™ balloon catheter
available from Acrostak (http:/www.acrostak.com/ge-
nie_en.htm). The nanoparticles of the invention can also be
delivered to a subject in need thereof using delivery devices
that have been developed for endovascular local gene transfer
such as passive diffusion devices (e.g., double-occlusion bal-
loon, spiral balloon), pressure-driven diffusion devices (e.g.,
microporous balloon, balloon-in-balloon devices, double-
layer channeled perfusion balloon devices, infusion-sleeve
catheters, hydrogel-coated balloons), and mechanically or
electrically enhanced devices (e.g., needle injection catheter,
iontophoretic electric current-enhanced balloons, stent-based
system), or any other delivery system disclosed in Radiology
2003; 228:36-49, or Int J Nanomedicine 2007; 2(2):143-61,
which are incorporated herein by reference in their entireties.
Pharmaceutical Compositions

Asused herein, the term “pharmaceutically acceptable car-
rier” means a non-toxic, inert solid, semi-solid or liquid filler,
diluent, encapsulating material or formulation auxiliary of
any type. Remington’s Pharmaceutical Sciences. Ed. by
Gennaro, Mack Publishing, Easton, Pa., 1995 discloses vari-
ous carriers used in formulating pharmaceutical composi-
tions and known techniques for the preparation thereof. Some
examples of materials which can serve as pharmaceutically
acceptable carriers include, but are not limited to, sugars such
as lactose, glucose, and sucrose; starches such as corn starch
and potato starch; cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose, and cellulose
acetate; powdered tragacanth; malt; gelatin; talc; excipients
such as cocoa butter and suppository waxes; oils such as
peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil;
corn oil and soybean oil; glycols such as propylene glycol;
esters such as ethyl oleate and ethyl laurate; agar; detergents
such as TWEEN™ 80; buffering agents such as magnesium
hydroxide and aluminum hydroxide; alginic acid; pyrogen-
free water; isotonic saline; Ringer’s solution; ethyl alcohol;
and phosphate buffer solutions, as well as other non-toxic
compatible lubricants such as sodium lauryl sulfate and mag-
nesium stearate, as well as coloring agents, releasing agents,
coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants can also be present in the com-
position, according to the judgment of the formulator. If fil-
tration or other terminal sterilization methods are not feasible,
the formulations can be manufactured under aseptic condi-
tions.

The pharmaceutical compositions of this invention can be
administered to a patient by any means known in the art
including oral and parenteral routes. In certain embodiments
parenteral routes are desirable since they avoid contact with
the digestive enzymes that are found in the alimentary canal.
According to such embodiments, inventive compositions
may be administered by injection (e.g., intravenous, subcu-
taneous or intramuscular, intraperitoneal injection), rectally,
vaginally, topically (as by powders, creams, ointments, or
drops), or by inhalation (as by sprays).

In a particular embodiment, the nanoparticles of the
present invention are administered to a subject in need thereof
systemically, e.g., by IV infusion or injection.

Injectable preparations, for example, sterile injectable
aqueous or oleaginous suspensions may be formulated
according to the known art using suitable dispersing or wet-
ting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution, suspen-
sion, or emulsion in a nontoxic parenterally acceptable dilu-
ent or solvent, for example, as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be
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employed are water, Ringer’s solution, U.S.P., and isotonic
sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium.
For this purpose any bland fixed oil can be employed includ-
ing synthetic mono- or diglycerides. In addition, fatty acids
such as oleic acid are used in the preparation of injectables. In
one embodiment, the inventive conjugate is suspended in a
carrier fluid comprising 1% (w/v) sodium carboxymethyl
cellulose and 0.1% (v/v) TWEEN™ 80. The injectable for-
mulations can be sterilized, for example, by filtration through
a bacteria-retaining filter, or by incorporating sterilizing
agents in the form of'sterile solid compositions which can be
dissolved or dispersed in sterile water or other sterile inject-
able medium prior to use.

Compositions for rectal or vaginal administration may be
suppositories which can be prepared by mixing the inventive
conjugate with suitable non-irritating excipients or carriers
such as cocoa butter, polyethylene glycol, or a suppository
wax which are solid at ambient temperature but liquid at body
temperature and therefore melt in the rectum or vaginal cavity
and release the inventive conjugate.

Dosage forms for topical or transdermal administration of
an inventive pharmaceutical composition include ointments,
pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants, or patches. The inventive conjugate is admixed
under sterile conditions with a pharmaceutically acceptable
carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulations, ear drops, and eye drops
are also contemplated as being within the scope of this inven-
tion. The ointments, pastes, creams, and gels may contain, in
addition to the inventive conjugates of this invention, excipi-
ents such as animal and vegetable fats, oils, waxes, paraffins,
starch, tragacanth, cellulose derivatives, polyethylene gly-
cols, silicones, bentonites, silicic acid, talc, and zinc oxide, or
mixtures thereof. Transdermal patches have the added advan-
tage of providing controlled delivery of a compound to the
body. Such dosage forms can be made by dissolving or dis-
pensing the inventive conjugates in a proper medium.
Absorption enhancers can also be used to increase the flux of
the compound across the skin. The rate can be controlled by
either providing a rate controlling membrane or by dispersing
the inventive conjugates in a polymer matrix or gel.

Powders and sprays can contain, in addition to the inven-
tive conjugates of this invention, excipients such as lactose,
talc, silicic acid, aluminum hydroxide, calcium silicates, and
polyamide powder, or mixtures thereof. Sprays can addition-
ally contain customary propellants such as chlorofluorohy-
drocarbons.

When administered orally, the inventive nanoparticles can
be, but are not necessarily, encapsulated. A variety of suitable
encapsulation systems are known in the art (“Microcapsules
and Nanoparticles in Medicine and Pharmacy,” Edited by
Doubrow, M., CRC Press, Boca Raton, 1992; Mathiowitz and
Langer J. Control. Release 5:13, 1987; Mathiowitz et al.
Reactive Polymers 6:275, 1987; Mathiowitz et al. J. Appl.
Polymer Sci. 35:755, 1988; Langer Ace. Chem. Res. 33:94,
2000; Langer J. Control. Release 62:7, 1999; Uhrich et al.
Chem. Rev. 99:3181, 1999; Zhou et al. J. Control. Release
75:27, 2001; and Hanes et al. Pharm. Biotechnol. 6:389,
1995). The inventive conjugates may be encapsulated within
biodegradable polymeric microspheres or liposomes.
Examples of natural and synthetic polymers useful in the
preparation of biodegradable microspheres include carbohy-
drates such as alginate, cellulose, polyhydroxyalkanoates,
polyamides, polyphosphazenes, polypropylfumarates, poly-
ethers, polyacetals, polycyanoacrylates, biodegradable poly-
urethanes, polycarbonates, polyanhydrides, polyhydroxyac-
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ids, poly(ortho esters), and other biodegradable polyesters.
Examples of lipids useful in liposome production include
phosphatidyl compounds, such as phosphatidylglycerol,
phosphatidylcholine, phosphatidylserine, phosphatidyletha-
nolamine, sphingolipids, cerebrosides, and gangliosides.

Pharmaceutical compositions for oral administration can
be liquid or solid. Liquid dosage forms suitable for oral
administration of inventive compositions include pharmaceu-
tically acceptable emulsions, microemulsions, solutions, sus-
pensions, syrups, and elixirs. In addition to an encapsulated or
unencapsulated conjugate, the liquid dosage forms may con-
tain inert diluents commonly used in the art such as, for
example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, dimethylformamide,
oils (in particular, cottonseed, groundnut, corn, germ, olive,
castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral composi-
tions can also include adjuvants, wetting agents, emulsifying
and suspending agents, sweetening, flavoring, and perfuming
agents. As used herein, the term “adjuvant” refers to any
compound which is a nonspecific modulator of the immune
response. In certain embodiments, the adjuvant stimulates the
immune response. Any adjuvant may be used in accordance
with the present invention. A large number of adjuvant com-
pounds is known in the art (Allison Dev. Biol. Stand. 92:3-11,
1998; Unkeless et al. Annu. Rev. Immunol. 6:251-281, 1998;
and Phillips et al. Vaccine 10:151-158, 1992).

Solid dosage forms for oral administration include cap-
sules, tablets, pills, powders, and granules. In such solid dos-
age forms, the encapsulated or unencapsulated conjugate is
mixed with at least one inert, pharmaceutically acceptable
excipient or carrier such as sodium citrate or dicalcium phos-
phate and/or (a) fillers or extenders such as starches, lactose,
sucrose, glucose, mannitol, and silicic acid, (b) binders such
as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, (¢) humectants
such as glycerol, (d) disintegrating agents such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic acid, cer-
tain silicates, and sodium carbonate, (e) solution retarding
agents such as paraffin, (f) absorption accelerators such as
quaternary ammonium compounds, (g) wetting agents such
as, for example, cetyl alcohol and glycerol monostearate, (h)
absorbents such as kaolin and bentonite clay, and (i) lubri-
cants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures
thereof. In the case of capsules, tablets, and pills, the dosage
form may also comprise buffering agents.

Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such
excipients as lactose or milk sugar as well as high molecular
weight polyethylene glycols and the like. The solid dosage
forms of tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells such as enteric coatings and
other coatings well known in the pharmaceutical formulating
art.

It will be appreciated that the exact dosage of the PSMA-
targeted particle is chosen by the individual physician in view
of the patient to be treated, in general, dosage and adminis-
tration are adjusted to provide an effective amount of the
PSMA -targeted particle to the patient being treated. As used
herein, the “effective amount” of an PSM A-targeted particle
refers to the amount necessary to elicit the desired biological
response. As will be appreciated by those of ordinary skill in
this art, the effective amount of PSMA-targeted particle may
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vary depending on such factors as the desired biological end-
point, the drug to be delivered, the target tissue, the route of
administration, etc. For example, the effective amount of
PSMA -targeted particle containing an anti-cancer drug might
be the amount that results in a reduction in tumor size by a
desired amount over a desired period of time. Additional
factors which may be taken into account include the severity
of the disease state; age, weight and gender of the patient
being treated; diet, time and frequency of administration;
drug combinations; reaction sensitivities; and tolerance/re-
sponse to therapy.

The nanoparticles of the invention may be formulated in
dosage unit form for ease of administration and uniformity of
dosage. The expression “dosage unit form™ as used herein
refers to a physically discrete unit of nanoparticle appropriate
for the patient to be treated. It will be understood, however,
that the total daily usage of the compositions of the present
invention will be decided by the attending physician within
the scope of sound medical judgment. For any nanoparticle,
the therapeutically effective dose can be estimated initially
either in cell culture assays or in animal models, usually mice,
rabbits, dogs, or pigs. The animal model is also used to
achieve a desirable concentration range and route of admin-
istration. Such information can then be used to determine
useful doses and routes for administration in humans. Thera-
peutic efficacy and toxicity of naoparticles can be determined
by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., EDy, (the dose is therapeutically
effective in 50% of the population) and LD, (the dose is
lethal to 50% of the population). The dose ratio of toxic to
therapeutic effects is the therapeutic index, and it can be
expressed as the ratio, LD,/ED,. Pharmaceutical composi-
tions which exhibit large therapeutic indices may be useful in
some embodiments.

The data obtained from cell culture assays and animal
studies can be used in formulating a range of dosages for
human use.

The present invention also provides any of the above-men-
tioned compositions in kits, optionally with instructions for
administering any of the compositions described herein by
any suitable technique as previously described, for example,
orally, intravenously, pump or implantable delivery device, or
via another known route of drug delivery. “Instructions” can
define a component of promotion, and typically involve writ-
ten instructions on or associated with packaging of composi-
tions of the invention. Instructions also can include any oral or
electronic instructions provided in any manner. The “kit”
typically defines a package including any one or a combina-
tion of the compositions of the invention and the instructions,
but can also include the composition of the invention and
instructions of any form that are provided in connection with
the composition in a manner such that a clinical professional
will clearly recognize that the instructions are to be associated
with the specific composition.

The kits described herein may also contain one or more
containers, which may contain the inventive composition and
other ingredients as previously described. The kits also may
contain instructions for mixing, diluting, and/or administrat-
ing the compositions of the invention in some cases. The kits
also can include other containers with one or more solvents,
surfactants, preservative and/or diluents (e.g., normal saline
(0.9% NaCl), or 5% dextrose) as well as containers for mix-
ing, diluting or administering the components in a sample or
to a subject in need of such treatment.

The compositions of the kit may be provided as any suit-
able form, for example, as liquid solutions or as dried pow-
ders. When the composition provided is a dry powder, the

20

25

40

45

55

42

composition may be reconstituted by the addition of a suit-
able solvent, which may also be provided. In embodiments
where liquid forms of the composition are used, the liquid
form may be concentrated or ready to use. The solvent will
depend on the nanoparticle and the mode of use or adminis-
tration. Suitable solvents for drug compositions are well
known, for example as previously described, and are avail-
able in the literature. The solvent will depend on the nano-
particle and the mode of use or administration.

The invention also involves, in another aspect, promotion
of the administration of any of the nanoparticles described
herein. In some embodiments, one or more compositions of
the invention are promoted for the prevention or treatment of
various diseases such as those described herein via adminis-
tration of any one of the compositions of the present inven-
tion. As used herein, “promoted” includes all methods of
doing business including methods of education, hospital and
other clinical instruction, pharmaceutical industry activity
including pharmaceutical sales, and any advertising or other
promotional activity including written, oral and electronic
communication of any form, associated with compositions of
the invention.

The following examples are intended to illustrate certain
embodiments of the present invention, but do not exemplify
the full scope of the invention.

EXAMPLES

The invention is further illustrated by the following
examples. The examples should not be construed as further
limiting.

Example 1
Nanoparticle Preparation

In this example, the A10 RNA aptamer which binds to the
Prostate Specific Membrane Antigen (PSMA) on the surface
of prostate cancer cells is conjugated to DSPE (1,2-Dis-
tearoyl-sn-glycero-3-phosphoethanolamine)-PEG-COOH
using EDC/NHS chemistry with a conjugate concentration of
0.7 mg/mL. 0.21 mg of this DSPE-PEG-Aptamer bioconju-
gate is mixed with 0.07 mg lecithin in 2 mI. aqueous solution
containing 4% ethanol. 1 mg poly(D,L-lactic-co-g!ycolic
acid) (PLGA, Mw=100 kD) is dissolved in 1 mL tetrahydro-
furan (THF) solvent, to which 5% docetaxel of the mass of
PLGA is added. This PLGA solution is then mixed with the
aqueous solution of lecithin/DSPE-PEG-Aptamer. These
mixtures are vortexed for 3 minutes, followed by stirring for
2 hours. In order to remove all organic solvents, these mix-
tures are then dialyzed for another 4 hours against PBS buffer.
This procedure would yield nanoparticles targeting to pros-
tate cancer cells expressing PSMA antigens.

Example 2
Nanoparticle preparation

In a second embodiment, the peptide CREKA (SEQ ID
NO: 2) is conjugated to DSPE-PEG-Maleimide before for-
mulating nanoparticles using the same protocol of Example 1.
This peptide will target the delivery and uptake of the nano-
particles to extracellular basement membranes which are
exposed under the leaky endothelial layer covering athero-
sclerotic plaques.
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Example 3

Nanoparticle Preparation

Using poly (y, ;lactic-co-glycolic acid) (PLGA) as a poly-
meric core, lecithin monolayer (~2.5 nm) as a lipid shell,
poly(ethylene glycol) (PEG) as a stealth material, and the A10
RNA aptamer which binds to the PSMA antigen on the sur-
face of prostate cancer cells as a model aptamer targeting
ligand, targeted PLGA-Lecithin-PEG nanoparticles were
developed. Particle size could be tuned within the range from
40 nm to 500 nm, accompanied with a surface zeta potential
ranging from -80 mV to -30 mV. Using docetaxel (a widely
used chemotherapeutics for cancers) as a model small mol-
ecule hydrophobic drug, the PLGA-Lecithin-PEG nanopar-
ticle had drug encapsulation efficiency around 65% as con-
trast to 19% for the conventional PLGA-b-PEG diblock
copolymer nanoparticle. In addition, less than 20% drugs
were released from the NP during the first 6 hours, which
holds broad promise for clinical applications. Both in vitro
and in vivo results demonstrated that the attached RNA
aptamer effectively targeted PLGA-Lecithin-PEG NPs to
prostate cancer cells which express PSMA antigen on their
plasma membrane, such as LNCaP cells.

Example 4
Nanoparticle Preparation

Lipid-polymer hybrid nanoparticles (NPs) were prepared
via self-assembly of PLGA (poly (D,L-lactic-co-glycolic
acid); Lactel, Pelham, Ala.), lecithin (soybean, refined,
molecular weight:—330 Da; Alfa Aesar, Ward Hill, Mass.),
and DSPE-PEG (1,2-distearoyl-sn-glycero-3-phosphoetha-
nolamine-N-carboxy (polyethylene glycol)2000); Avanti,
Alabaster, Ala.) through a single-step nanoprecipitation
method. Briefly, PLGA polymer was dissolved in acetonitrile
with concentrations ranging from 1~5 mg/ml. Lecithin/
DSPE-PEG (8.5/1.5, molar ratio) were dissolved in 4 wt %
ethanol aqueous solution at desired concentrations and heated
to 65° C. The resulting PLGA solution was then added into
the preheated lipid solution dropwise under gentle stiffing.
The mixed solution was vortexed vigorously for 3 minutes
followed by gentle stiffing for 2 hours. The remaining organic
solvent and free molecules were removed by washing the NP
solution three times using an Amicon Ultra-4 centrifugal filter
(Millipore, Billerica, Mass.) with a molecular weight cut-off
ot 10,000 Da. To prepare drug-encapsulated NPs, docetaxel
(Sigma-Aldrich, St Louis, Mo.) with proper initial dosage
was dissolved into the PLGA acetonitrile solution before the
nanoprecipitation process. NP size (diameter, m) and surface
charge (zeta potential, mV) were measured by Quasi-elastic
laser light scattering with a ZetaPALS dynamic light scatter-
ing detector (15 mW laser, incident beam=676 nm;
Brookhaven Instruments Corporation, Holtsville, N.Y.).

Example 5
Drug Loading and Release Study

To measure the drug loading yield and release profile of
docetaxel (Dtx1) from each type of NPs from Example 4, 3
ml, NP PBS solutions at a concentration of 5 mg/ml, were
split equally into 30 Slide-A-Lyzer MINI dialysis microtube
with a molecular weight cut-oft of 3,500 Da (Pierce, Rock-
ford, 111.). These microtubes were dialyzed in 4 L. PBS buffer
at 37° C. with gentle stirring. PBS buffer was changed peri-
odically during the whole dialysis process. At each data point,
NP solutions from three microtubes were collected separately
and mixed with an equal volume of acetonitrile to dissolve the
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NPs. The resulting free Dtx1 content in each microtube was
assayed using an Agilent (Palo Alto, Calif.) 1100 HPLC
equipped with a pentafluorophenyl column (Curosil-PFP,
250%x4.6 mm, 5u; Phenomenex, Torrance, Calif.). Dtxl absor-
bance was measured by a UV-vis detector at 227 nm and a
retention time of 12 minutes in 1 mL/min 50/50 acetonitrile/
water mobile phase.

Example 6
Nanoparticle In Vitro Stability

NPs from Example 4 were incubated with 10 wt % BSA
(bovine serum albumin; Sigma-Aldrich, St Louis, Mo.) solu-
tion and 10 wt % human plasma/heparin (BioChemMed,
Winchester, Va.) solutions respectively at 37° C. under gentle
stiffing at a concentration of 1 mg/ml.. At each time point, an
aliquot of NP solutions was collected to measure NP size
using Quasi-elastic laser light scattering. The measurements
were performed in triplicate at room temperature.

Example 7
Fluorescence Microscopy

To visualize cellular uptake of aptamer-targeted lipid-poly-
mer hybrid NPs from Example 4 using fluorescence micros-
copy, a hydrophobic fluorescent dye, NBD-cholesterol (22-
(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-23,24-
bisnor-5-cholen-3f-0l; Invitrogen, Carlsbad, Calif.), was
encapsulated inside the NPs. The fluorescence emission spec-
trum of NBD (Excitation/Emission=460 nm/534 nm) was
detected in the green channel (490 nm/528 nm) of a Delta
Vision RT Deconvolution Microscope. In the study, the pros-
tate LNCaP and PC3 cell lines were grown in 8-well micro-
scope chamber slides in RPMI-1640 and Ham’s F-12K
medium respectively, both supplemented with 100 units/ml
aqueous penicillin G, 100 pg/mL streptomycin, and 10% FBS
(fetal bovine serum) at concentrations to allow 70% conflu-
ence in 24 hours (i.e., 40,000 cells per cm?). On the day of
experiments, cells were washed with pre-warmed PBS buffer
and incubated with pre-warmed fresh media for 30 minutes
before adding NPs with a final concentration of ~250 png/ml.
(n=4). Cells were incubated with the NPs for 2 hours at 37°
C., washed two times with PBS (300 pL per well), fixed with
4% formaldehyde, and mounted with non-fluorescent mount-
ing medium DAPI (Vector Laboratory, Inc. Burlingame,
Calif.). The cells were then imaged using a Delta Vision RT
Deconvolution Microscope.

FIGS. 3A and 3B demonstrate size and zeta-potential sta-
bilities of the amphiphilic layer-protected polymeric nano-
particles of the invention, respectively. [PLGA-Lecithin-PEG
(squares), PLGA-b-PEG (circles), and pure PLGA (tri-
angles)]

FIG. 4 demonstrates the size stability of the amphiphilic
layer-protected polymeric nanoparticles of the invention after
lypholization. [PLGA-Lecithin-PEG, PLGA-b-PEG, and
pure PLGA. (Grey: before lypholization; Black: after
lypholization)] All nanoparticles were lypholized after add-
ing 10% sucrose. The nanoparticle powder was then dis-
solved into water again to test their size change before and
after lypholization. Dynamic light scattering was used to
measure nanoparticle size. The lipid-polymer hybrid nano-
particles were stable after lypholization.

FIG. 5 demonstrates the high drug encapsulation efficiency
of'the amphiphilic layer-protected polymeric nanoparticles of
the invention. By adding 10 wt % lipid to the interface of
PLGA and PEG, the lipid-polymer NP has a drug encapsula-
tion efficiency improved by approximately 300%.
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FIG. 6 demonstrates the improved drug release profile of
the amphiphilic layer-protected polymeric nanoparticles of
the invention. [50% drug release time of liposome, PLGA-
PEG NP and PLGA-Lipid-PEG NP is: 0.5 hr, 10 hr, and 20 hr
respectively.]

FIG. 7 shows an eclectron microscope image of the
amphiphilic layer-protected polymeric nanoparticles of the
invention. [TEM images of the NPs with negative staining
(uranyl acetate)]

FIG. 8 demonstrates the effect of the use of various organic
solvents on size and surface zeta potential in the preparation
of'the amphiphilic layer-protected polymeric nanoparticles of
the invention. The more polar the solvent is, the smaller the
nanoparticle is formed after precipiation. But nanoparticle
surface zeta potential is not considerably affected by solvent
polarity.

FIG. 9 demonstrates the effect of polymer concentration on
size and surface zeta potential on the amphiphilic layer-pro-
tected polymeric nanoparticles of the invention. When poly-
mer concentration is higher than certain range, for example
~5 mg/mL, higher polymer concentration gives larger nano-
particle size, but doesn’t dramatically affect nanoparticle sur-
face zeta potential.

FIG. 10 demonstrates the effects of the ratio of organic
solvent to water on the size of the amphiphilic layer-protected
polymeric nanoparticles of the invention. Nanoparticle size
becomes bigger when the volume ration of solvent to water is
larger than 1.

FIG. 11 demonstrates the effects of the ratio of lipid to
polymer weight ratio on the therapeutic agent release rate of
the amphiphilic layer-protected polymeric nanoparticles of
the invention. Overall, higher lipid/polymer weight ratio
results in slower drug release.

FIG. 12 demonstrates the effects of the ratio of lipid to
polymer weight ratio on size and surface zeta potential on the
amphiphilic layer-protected polymeric nanoparticles of the
invention. With the increase of lipid/polymer weight ratio,
nanoparticle size generally increases but surface zeta poten-
tial decreases.

FIGS. 13A and 13B demonstrate the cellular uptake of the
amphiphilic layer-protected polymeric nanoparticles of the
invention.

Encapsulation efficiency is determined by taking a known
amount of DNA, encapsulating it into a nanoparticle, remov-
ing any unencapsulated DNA by filtration, lysing the nano-
particle, then detecting the amount of DNA that was encap-
sulated by measuring its absorbance of light at 260 nm. The
encapsulation efficiency is calculated by taking the amount of
DNA that was encapsulated, then dividing it by the original
amount of DNA. Stated alternatively, it is the fraction of
initial DNA that is successfully encapsulated.

Zeta potential is determined by Quasi-elastic laser light
scattering with a ZetaPALS dynamic light scattering detector
(Brookhaven Instruments Corporation, Holtsville, N.Y; 15
mW laser, incident beam=676 nm).

FIGS. 14A and 14B demonstrate a lecithin purity effect on
PLGA-Lipid-PEG nanoparticle size and zeta potential.

FIGS.15A and 15B demonstrate a PLGA polymer concen-
tration effect on nanoparticle size and zeta potential, respec-
tively

FIG. 16 demonstrates the stability of PLGA-Lipid-PEG,
PLGA-PEG and PLGA nanoparticles in 10% BSA solution,
respectively.

FIG. 17 demonstrates the stability of PLGA-Lipid-PEG,
PLGA-PEG and PL.GA nanoparticles in 10% plasma solution
with heparin, respectively.

FIG. 18 demonstrates the in vivo circulation profile of
PLGA-Lipid-PEG NP and PLGA-PEG NP. The circulation
half-life of the particles is about 20 hr and 3 hr respectively.
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Example 8

Amphiphilic Protected Nanoparticle Characteristics

Estimated polymer weight per lipid-polymer hybrid nano-
particle at different size with an assumption that PLGA den-
sity is 1.2 g/cm?®

Polymer weight per NP

NP size NP volume PLGA density Polymer weight per

(nm) (nm 3) (g/cm 3) NP (g)
40 33493.33333 1.2 4.0192E-17
50 65416.66667 1.2 7.85E-17
60 113040 1.2 1.35648E-16
70 179503.3333 1.2 2.15404E-16
80 267946.6667 1.2 3.21536E-16
90 381510 1.2 4.57812E-16

Estimated lipid weight per lipid-polymer hybrid nanopar-
ticle at different size with an assumption that each lipid head
group occupies an area of 0.5 nm?.

Lipid weight per NP

Amount of  Lipid Mw -
NPsize NP surface lipid Lecithin Lipid weight per
(nm) area (nm 2) per NP (g/mol) NP (g)
40 5024 10048 758 1.22253E-17
50 7850 15700 758 1.91021E-17
60 11304 22608 758 2.7507E-17
70 15386 30772 758 3.74401E-17
80 20096 40192 758 4.89013E-17
90 25434 50868 758 6.18908E-17

Calculated lipid/polymer weight ratio of each lipid-poly-
mer hybrid nanoparticle at different size:

Lipid/Polymer weight ratio at different
lipid length & different NP size (%)

NPsize LipidMw=  LipidMw=  LipidMw=  Lipid Mw =
(nm) 702 758 814 870
40 28.17014446  30.41733547 32.66452648 34.9117175
50 22.53611557 24.33386838  26.13162119 27.929374
60 18.78009631  20.27822365  21.77635099  23.27447833
70 16.09722541  17.38133456  18.66544371  19.94955285
80 14.08507223  15.20866774  16.33226324  17.45585875
90 12.52006421 13.51881577 14.51756733 15.51631889
EQUIVALENTS

Those skilled in the art will recognize, or be able to ascer-
tain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encom-
passed by the following claims.

INCORPORATION BY REFERENCE

The entire contents of all patents, published patent appli-
cations, websites, and other references cited herein are hereby
expressly incorporated herein in their entireties by reference.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12

<210> SEQ ID NO 1

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 1

Ala Lys Glu Arg Cys
1 5

<210> SEQ ID NO 2

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 2

Cys Arg Glu Lys Ala
1 5

<210> SEQ ID NO 3

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<400> SEQUENCE: 3

Ala Arg Tyr Leu Gln Lys Leu Asn
1 5

<210> SEQ ID NO 4

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (5)..(6)
<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 4

Ala Xaa Tyr Leu Xaa Xaa Leu Asn
1 5

<210> SEQ ID NO 5

<211> LENGTH: 71

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 5

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

gggaggacga ugcggaucag ccauguuuac gucacuccuu gucaauccuc aucggcagac 60
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-continued

50

gacucgceeg a 71

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 70

TYPE: RNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

SEQUENCE: 6

gggaggacga ugcggaccga aaaagaccug acuucuauac uaagucuacyg uucccagacg 60

acucgcccga 70

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

SEQUENCE: 7

Ala Thr Trp Leu Pro Pro Arg

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 8

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

SEQUENCE: 8

Ala Cys Asp Cys Arg Gly Asp Cys Phe Cys Gly

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10

SEQ ID NO 9

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

SEQUENCE: 9

Cys Asn Gly Arg Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 10

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

SEQUENCE: 10

His Trp Gly Phe

1

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 11

LENGTH: 10

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:
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-continued

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 11
Cys Thr Thr His Trp Gly Phe Thr Leu Cys
1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 12

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

peptide
<400>

SEQUENCE: 12

Cys Gly Asn Lys Arg Thr Arg Gly Cys
1 5

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

The invention claimed is:

1. A nanoparticle comprising:

a first covalent conjugate having the following formula:
lipid—hydrophilic polymer—targeting moiety;

a second covalent conjugate having the following formula:
lipid—hydrophilic polymer;

wherein the hydrophilic polymer of the first and second
conjugates is a poly(ethylene glycol) polymer;

a hydrophobic core comprising a polyester and an agent
selected from the group consisting of a therapeutic
agent, a diagnostic agent, and a prophylactic agent;

an amphiphilic layer around the hydrophobic core, the
layer comprising at least three amphiphilic components,

wherein a first amphiphilic component of the layer is a
phospholipid, and

wherein a second amphiphilic component and a third
amphiphilic component of the layer are the lipid por-
tions of the first and second covalent conjugates;

ahydrophilic outer layer comprising the hydrophilic poly-
mer—targeting moiety portion of the first covalent con-
jugate and the hydrophilic polymer portion of the second
covalent conjugate;

wherein the weight ratio of the amphiphilic components of
the amphiphilic layer to the polyester is about 0.05 to
0.34; and

wherein the diameter of the nanoparticle is between about
40 and 500 nanometers.

2. The nanoparticle of claim 1, wherein the thickness of the

amphiphilic layer is about 1 to about 5 nanometers.

3. The nanoparticle of claim 1, wherein the thickness of the
amphiphilic layer is about 2.5 nanometers.

4. The nanoparticle of claim 1, wherein the lipid of the first
covalent conjugate is selected from the group consisting of a
phosphatidylcholine, a phosphatidylinositol, a phosphati-
dylethanolamine, and a phosphatidic acid.

5. The nanoparticle of claim 1, wherein the lipid of the first
covalent conjugate is 1,2-distearoyl-sn-glycero-3-phospho-
ethanolamine.

6. The nanoparticle of claim 1, wherein the lipid of the
second covalent conjugate is selected from the group consist-
ing of a phosphatidylcholine, a phosphatidylinositol, a phos-
phatidylethanolamine, and a phosphatidic acid.

7. The nanoparticle of claim 1, wherein the lipid of the
second covalent conjugate is 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine.
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8. The nanoparticle of claim 1, wherein the targeting moi-
ety of the first covalent conjugate is selected from the group
consisting of nucleic acid aptamers, growth factors, hor-
cytokines, interleukins, antibodies, integrins,
fibronectin receptors, p-glycoprotein receptors, and peptides.

9. The nanoparticle of claim 1, wherein the targeting moi-
ety is a peptide having a length of fewer than 8 amino acids.

10. The nanoparticle of claim 1, wherein the targeting
moiety comprises a peptide selected from the group consist-
ing of AKERC (SEQ ID NO:1), CREKA (SEQ ID NO:2),
ARYLQKLN (SEQ ID NO:3) and AXYLZZLN (SEQ ID
NO:4); wherein X and Z are variable amino acids.

11. The nanoparticle of claim 1, wherein the targeting
moiety is an aptamer.

12. The nanoparticle of claim 1, wherein the surface zeta
potential of the nanoparticle is -80 mV to =30 mV.

13. The nanoparticle of claim 1, wherein the hydrophobic
core comprises a therapeutic agent selected from the group
consisting of a chemotherapeutic agent, an antineoplastic
agent, and a cytostatic agent.

14. The nanoparticle of claim 1, wherein the hydrophobic
core comprises a therapeutic agent selected from the group
consisting of mitoxantrone and docetaxel.

15. The nanoparticle of claim 1, wherein the hydrophobic
core comprises a therapeutic agent selected from the group
consisting of vascular endothelial growth factor (VEGF),
fibroblast growth factors, monocyte chemoattractant protein
1 (MCP-1), transforming growth factor alpha (TGF-alpha),
transforming growth factor beta (TGF-beta), DEL-1, insulin
like growth factors (IGF), placental growth factor (PLGF),
hepatocyte growth factor (HGF), prostaglandin E1(PG-E1),
prostaglandin E2(PG-E2), tumor necrosis factor alpha (TNF-
alpha), granulocyte stimulating growth factor (G-CSF),
granulocyte macrophage colony-stimulating growth factor
(GM-CSF), angiogenin, follistatin, proliferin, PR39, PR11,
nicotine, statins, niacin, bile acid resins, fibrates, and estra-
diol.

16. The nanoparticle of claim 1, wherein the polyester is
poly(lactic-co-glycolic acid).

17. The nanoparticle of claim 1, wherein the first
amphiphilic component is a lecithin.

18. A pharmaceutical composition comprising the nano-
particle of claim 1.

19. A pharmaceutical composition comprising the nano-
particle of claim 3.



